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A eration for m man y Ps; Nat and: 
alſo in ſeveral Parts of _ Tear, by 
theEarth's Motion having a ſenſiblè Vel- 
city compared with the Motion of Light, 
as found by the oh ervations of Mr. 
Bradley, 150 be the late Honour- 
able Samuel Felynela, Eſq; but each 0 
with a different Inſtrument, both of em 
contrived” and made by Mr. E Sraham. 
a Foo Phil. Tranſ. Numb. 406. 2 
On Levelling, I — pals how to 
"adjuſt the New-invented Spirit- Level at 
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ait h two Methods of taking the Dif- 
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F the Dips by the Tanks Curvature. 
Tue Methods here inſerted are of-eafy 
Practice, and of the greateſt Exacineſs: 
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noctial Motion, or for any Plane at Right Angles 
to the Vertical: 4. A Motion through a Double 
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refracting Teleſcope fixt to it: By this Inſtrument 
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Practical SURVEYING 


IMPROVED. 


— —- 


INTRODUCTION. 


Surface or Superficies is that mag- 
nitude or quantity, which is com- 
prehended under the two dimen- 
ſions of length and breadth, with- 
out any regard to the depth, and 
therefore bounded by lines only; ſo when we 
meaſure a Field, we take it for a Surface, 
which the longer and broader it is, the more 
Acres it contains, without any conſideration 
to the depth or thickneſs of the Earth. 

An Angle is the opening of two ſtreight 
lines iſſuing from or meeting in one point, 
which point is then called the Angle, and the 
degree of ſuch opening is truly the quantity 
of it, which being not at all changed by the 
length of the lines forming the Angle, is to 
be meaſured by the Arch they open to in the 
circumference of any Circle, when the Angle 
| itſelt 
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1 is placed in or made the center, and the 


lines each extended to the circumference, 


which being divided into 360 equal parts 
called degrees, the number of ſuch parts con- 
tain'd in the Arch i Is the quantity of the Angle 
in degrees. 

Note, Tho' every Angle is leſs than 180 
degrees, yet in Surveying it is common to 
reckon the degrees of either the external or 
internal Arch according to which of the lines 


is made firſt, whereby an Angle is often taken 


as much exceeding 180 degrees, as the real 
Angle is leſs than 180. 

A ſtreight Line is ſaid to be perpendicular 
to another, when meeting therewith, it makes 


the Angle on one or both fides. equal to a 


quadrant or quarter of a Circle ; the Angles 
thus made are called right Angles, and the 
lines thus meeting, do each make the neareſt 
diſtance from it's farther point to the other 
line. 

A ftreight Line is parallel to another, when 
in the ſame plain Surface two or more Per- 
pendiculars drawn from one to the other are 
of che ſame length; ſuch Perpendiculars are 
alſo Parallels to each other, and the former 
are Perpendiculars to theſe; all of them making 
the neareſt diſtance between the Parallels. 

Fig. A is a ſquare Surface, contain'd within 
four equal Sides, whoſe oppoſites are parallel, 
and the others perpendicular thereto, and con- 
ſequently making the neareſt diſtance between 
the Parallels, and TO all the Angles right 

ones; 
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ones; the length of any Side (all being equal) 
in any dimenſion multiplied into itſelf will 


produce the Area or Quantity contain'd there- 
in; fo that if we ſuppoſe each Side 5; feet 


long, then 5 feet multiplied into 5, makes 25 


for the Area of the Square; or if each Side be 


of Gunter's chains of 4 poles each, then the 


Area will be 25 ſquare chains equal to 400 


ſquare poles, that is, 20 multiplied by 20, the 


length of each Side in poles. 


Fig. B is a rectangular Parallelogram, and 
is commonly called a Rectangle or oblong 
Square, contain'd within four Sides, whoſe 
oppoſites are equal and parallel, and the others 
perpendicular thereto, and ſo making the 
neareſt diſtance between the Parallels, and 
forming all the Angles right ones; the length 
of one long Side multiplied into one of the 
ſhorter will produce the Area, that is, the 


length into the breadth ; therefore if the length 


be 5 chains, and the breadth 2, theſe multi- 


plied make 10 ſquare chains, equal to I acre © 


or 160 ſquare poles. 

Fig. C is alſo a Parallelogram, contain'd 
within four Sides, whoſe oppoſites are equal 
and paralle], bat the others not perpendicular 
to them, and ſo not making the neareſt diſtance 
between the Parallels, nor forming the Angles 
right ones; the length of any one Side, multi- 
plied into the neareſt diſtance between it, and 
the Parallel paſſing thro' it's oppoſite, will 
produce the Area ; ſo if the length of either 
two o oppoſite Sides be each 5 chains, and the 

B 2 {aid 
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ſaid neareſt diſtance 2, there will be but the 
ſame Area as in Fig. B, altho' the other Sides 
be extended to any ON poſſible. - | i 

Fig. D is a Triangle of three unequal Sides, 
which by Euclid 1. 34. is demonſtrated to be 
equal to half the Parallelogram, whoſe Diago- 
nal and two Sides are equal to thoſe corre- 
ſponding in the Triangle; conſequently the 
length of the longer Side multiplied into it's 
Perpendicular, or neareſt diſtance from the 
oppoſite Angle, produces a quantity, half of 
which is the Area of the Triangle; alſo if any 
Side be taken for the Baſe, and multiplied 
into half of it's Perpendicular, or neareſt diſ- 
tance of the Parallel paſſing thro' it's oppoſite 
Angle, the product will be the ſame Area of 
ä 7 

Fig. E is a Trapezium, having four unequal 
Sides, which may by drawing a diagonal line 
from any Angle to it's oppoſite, be made into 
two Triangles, having ſuch diagonal for the 


Baſe common to both, which if multiplied 


into half the ſum of it's two Perpendiculars, 
will produce the Area of the whole Trape- 
zium. 1 
We endeavour to reduce all Surfaces into 
Trapezias and Triangles, and to caſt up their 
Areas by the above Rule; which being of 
general Uſe, will be fully ſhewn in the firſt 
Chapter. SR 
To plot or lay down the Bounders of land 
on paper, we muſt know their Lengths and 
Poſitions on the land itſelf, to get which we 
make 


Practical Surveying Improved. 5 
make uſe of ſome Inſtruments, and others to 
plot them with when gotten. | 

Gunter's Chain is generally uſed to mess 
the Lengths of lines on the land; but the In- 
ſtruments for taking their Poſitions are of two 
kinds. 

With ſome the Poſition of a line is taken 
by the Angle, which it makes with the Meri- 
dian, uſing the Needle in the compaſs-box 
for the Index of it (allowing for the variation) 
as with the Circumferentor, and may be by 
all thoſe Inſtruments that have a compaſs-box 
to them; and the Poſition of a line thus taken 
15 uſually called it's Bearing. 

With others, and much more truly, we 
take the Poſition of a line, by the Angle it 
makes with another adjoining it, as with the 
Theodolite, the Semi-Circle, che Plain- Table, 
the Chain, Sc. 

Inſtruments commonly uſed in plotting are 
a Ruler, a Pointrel, a pair of Compaſſes, and 
a Scale for whole chains, with one ſpace hav- 
ing ten diagonal diviſions, thereby dividing it 
into 100 parts, for taking off the odd links; 
and this (if truly divided) may be the beſt for 
ſetting off the Angles, when they are mea- 
ſured on the land with the Chain only; but if 
the Angles are meaſured with.any other Inſtru- 
ment, a braſs Scale. made thin to the edges, 
and decimally divided cloſe to them between 
every longer diviſion (which longer are num- 
ber'd with 1, 2, 3, 4, &c. for whole chains, 
and fo the ſhorter diviſions for ten links each) 

, 18 
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is much preferable to the other, both for 


exactneſs and expedition in ſetting off the 


lengths of the meaſured lines; for exactneſs, 


becauſe all lengths may be examined in ſeveral 
parts, whereas the diagonal Scale is confined 
to one length only; and for expedition, be- 


cauſe every length is ready without the trou- E- 
ble of ſetting the Compaſſes to it; alſo a Pro- 
tractor (divided and number'd according to 


the Inſtrument uſed) muſt then be had, for 


ſetting off the Poſition of the lines, unleſs they 


are plotted on the Plain-Table. 


By a Statute made the 33d of Edv. I. an 
Acre is to contain a quantity in any ſhape equal 
to 160 ſquare poles or perches of 16 feet 
ſquare each; and Gunter's Chain is made four 
poles long, that ten of thoſe Chains in length 
carrying one in breadth may be an Acre, that 


is, four times forty ſquare poles ; ſo that if a 


rectangle Acre be f in length 


Chains Tin 
its * muſt be 100 
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"In length one Link, 


D 19879 
62,7264 Links 1,515 15 4.745475 25 | 160 
144 2,2968 [ Fees | 3 _— 66 
1296 20,66116] 9g || Yards _ 22 
39204 625 272,25 | 30,25 | Poles 4 | 
627264 10000 | 4356 484 16 cl. 
6272640 | 100000 | 43560 | 4840 | 160 10 


and Decimals, & è contra. 


| Feet 


1 


Links 


1551515 


2 — 3503030 


Feet 


10 
20= 


3 — 
= 
5 — 


62 


454545 
6,06061 


7,57576 
9,09091 


7==10,60606 


$=12,1212T 
9=13,63636 


30 
40= 
50 
46 


70 = 106, 606 
80 121, 2121 


90 136, 3636 


D 
15,1515 


30,3030 


45,4545 
60,6061 


15,1516 
90,9091 


Links Feet 


2=1,32 
3=1,98 
4=2,04 
S 23530 
6 3,96 
7—4,02 


9==5,94 


1, 66 


Links Feet 


10= 6,6 


20 213,2 


85,28 | 


30 219,8 | 


40=26,4 
5$0==33,0 
60=39,6 
70=40,2 
80=52,8 


4 Table of Meaſures for Lines and Squares. 
; | Foot, | Tard, Pole, Chain 
7 
2 


Note, Every Table that J have ſeen, errs in the Links 
contain'd in a Yard, both in length, and its ſquare. 


A Table for changing Foot-Meaſure into Links 


90=5944] 


Note, This Table may be extended to hundreds or thou- 


ſands of Feet or Links by removing the comma one or two 
WE Places to the right hand in the tens of Links or Feet; and if 
nin thoſe anſwering units, it be removed one place to che 
left, they will be equal to tenths of a Foot or Link. - 
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Shewing how to meaſure a Field or 
other piece of land by the Chain only. 


Sect. 1. Shewing how to meaſure a Line with 
f the Chain. 


T HE Chain contains in length 4 poles or 
66 feet, divided into 100 links, each link 
with the rings between being 7,92 inches, 
having pieces of braſs of different ſhapes at the 
end of each ten links, and braſs rings at every 
five, for the ſpeedier counting the odd links. 


We commonly have an Offset-Staff of 79,2 


inches long, equal to ten links on the Chain, 


divided into ten equal parts, each part is a 


Iink, and ten times this Staff the whole Chain. 

We have alſo ten arrows or ſmall ſtreight 
ſticks near two feet long, with bits of bright 
ſcarlet cloth fixt in at the tops, and ſhod with 
iron ferrils at the bottoms. 

At firſt opening the Chain to meaſure with, 
I always examine it, (leſt any of the rings 
ſhould be got one in another, whilſt it is lapt 
up, and the Chain thereby ſhorten'd) which 
is readily done by the Offset-Staff as it lies 
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Practical Surveying Improved. 9 
ſtretcht in the firſt line, and hereby I am ſen- 
ſible of every little increaſe. of the Chain by 
often ſtretching, and can ſhorten it accord- 
ingly ; for which cauſe as well as it's better 

laying, every Chain ſhould have three rings 
between each link; then the braſs marks may 
be on the middle rings, and ſo their diſtances 
the more equal. 5, : 


The Chain being of it's juſt length, I cauſe 
the Leader to ſtick in the ground one of th 
ten arrows (which he is always to have at firſt 
ſetting out) at the far end of the Chain, whilſt 
the near end touches the place Imeaſure from, 

and as exact as poſſible in the line to the place 
J am meaſuring to; then the Leader leaving 
the arrow proceeds on with the Chain another 
length, and whilſt I hold my end to touch the 
firſt arrew, I cauſe him to ſtick down anothen 
at his end, always as upright and exact in the 
line as poſſible, which he may now judge of, 
by reaſon he muſt ſtick down the ſecond, and 
all the following arrows, in ſuch manner that 
the next foregoing may be in.the line between 
it, and the place we meaſure from; and thus 
we proceed till the Leader arrives at the place 
we are meaſuring to, which ſuppoſe leſs than 
a Chain from the laſt arrow ſtuck down, the 
Leader holding his end to the place, whilſt I 
hold the Chain where it touches the laſt arrow, 
then I ſoon diſcover by the braſs marks the 
odd links, which either added to the number 
of Chains as decimals, or wrote down as links 
with the Chains in hundreds place, will be the 
C length 
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length of the whole line; as for the Chains, 
they are known by the number of arrows 


which I arrive at, and take up; ſuppoſe I am 


at the ninth arrow, and that the links over are 
70, I write it down 970, denoting thereby 
ſo many links; if it is but 7 links over the 


nine Chains, I write it 907, becauſe every 


Chain is 100 links. 

When the Line is above eleven Chains, I 
cauſe the Leader (when at the eleventh) to put 
down the Chain end, while ſtretcht in the line, 
as before; but having no arrow, he ſets his 
foot thercon to keep it from ſhrinking back, 
whilſt I bring up to him the ten arrows, and 
ſtick one down at the Chain end, giving him 
the other nine, which it muſt always be 
minded he has to go on with from the eleventh 
to the twelfth Chain; and the like again, if 
the line ſhould be above 21 Chains, and alfo 
it above 31; for always at ſetting out, and at 


giving up the arrows, whether as above, or at 
the end of each line, j mind there are in all 


n ariows, 


Sect. 2. Shewing how to meaſure a Field whoſe 
quantity of Acres 1s wanted without any 
Plan of it. X 


Let Fig. F be the Field to be meaſured. 

Firſt, I walk about it, and ſer up ſtreight 
ſticks of „„ feet long (as needful) 
with a {lit at top, and white paper therein, 


which I call objects, in all the angles or 
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corners of the Field; judging the line ae moſt 
convenient for the Diagonal, I ſet up objects 
alſo exactly in the ſame as at m and g; for if I 
ſtand at @ looking at e, I can direct my Aſſiſt- 

ant to place thoſe two objects exactly in the 
line ae, and my Aſſiſtant can judge of their 
being near m and ; but I can remedy that, 
if need be, and by them keep truly in the 
line throughout. 3 3 

The objects being all ſet up, and being at a, 
I begin there to meaſure the diagonal line e, 
in meaſuring which I find , vig. 276 links 
from a, ſeems to be the neareſt place in the 
line a e to the angle 6; therefore before I 
meaſure any farther than the third arrow 
already ſet down, I meaſure the Perpendicular 
mb 524 links, and write it down in my field- 
book, then I come back to the third arrow 
left ſtanding in the line ae, and meaſuring on 
farther towards e, I find q at 932 links from 
a, where the angle Y is perpendicular to a e, 
then I meaſure g þ 538 links, and write it 
under the 524; then coming back to the tenth 
arrow, I meaſure on to compleat the whole 
line @ e, which being 1247 links, I write it 
down as a Multiplicand, and half the ſum of 
the two Perpendiculars already wrote down I 
ſet under it for a Multiplier, the product of 
which will be the Area of the large Trapezium 
abeh in ſquare links. 

Note, Some may judge that I am liable to 
much error in miſſing the true places of 1 
and 9; therefore I ſhall juſt mention that I 
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have the ſpace, of 45 links for taking each, 
without having the Perpendicular increaſed 
half a link, which if both were, would not 
increaſe che Trapezium one ſquare pole. 

From e I meaſure in a ſtreight line towards 
c, and find 7, where the angle d is perpendi- 
cular, then meaſuring d 360 links, half of 
which I ſet down as a Multiplier under 657, 
the length of the whole line e c, their product 
is the Area of the Triangle c de. 

I begin again at e, and meaſuring cowards 

, find þ the neareſt place i in the line eg to 75 
then meaſuring þ f 97 links, I ſet it down as 
a Multiplier under 180 half the length of eg, 
the product is the 458 of the Triangle e/g. 


Now I begin at 3, and meaſuring towards 


, find u, where the angle k is n 
then meaſuring n k 425 links, I ſer it down 


as a Multiplier under 747, the whole length 


1, half the product is the Area of the Tri- 


angle 1E I. 
Now the ſum of ts four Areas is the 


Area of. the whole Field in ſquare links, 
100000 of which make one acre; therefore 


we can ſee the number of acres at firſt ſight, 
becauſe it is the figure or figures on the left 
hand of the five right hand figures to be cut 
off; for that is, according to the Rule in vulgar 
Arithmetick, dividing by 100000 the ſquare 
links in an acre, which in this Example gives 


9 acres for the quotient, and the 57487 cut 


off are the remainder, and are decimals of an 
acre, , Which multiplied by 4, the roods in an 
Acre, 


A PA 
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acre, gives the odd 2 roods, with the five right 
hand figures 29948 for decimals of a rood, and 
theſe multiplied by 40, the poles in a rood, 
gives 11 poles, with 97920 decimals of a pole, 
which being near an Integer, the Area of the 
whole Field may be reckon'd g a. 2 r. 12 f. 
See the following Work, where the five right 
hand figures are ſeparated by a comma, as it 


is uſual in decimals. 


1247 O57 19 


3 180 97 425 
1247 52560 1323 3735 
3741 657 1701 1494 
62333 — — 2 
c 118260 18333Z30dꝑ0——— 
662 157284 beh. 3 17475 
118260 c de. 1 
18333 . 158737 
158737 =7 kl, | 
— — 4. . 
9,747 - - - -9:2: 12 nearly. 
„ 
2,9048 = 253338F roods. 


40 


2 * 


11, 97920 1178888 Poles. 


Note, It is the common practice of moſt 
Surveyors to multiply the whole Baſe by the 
whole Perpendicular in every Triangle, and 

N by 
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by the ſum of the two Perpendiculars in every 
Trapezium, and to halve the ſum of all the 
Products after they are added together, which 
I ſhould have done in this Example, had I 
not choſen to have ſhewn that it is indifferent 
114 which method is uſed, either halving the 
1 Baſes, Perpendiculars, or Products; tho' the 
Iaſt is moſt eligible, when ſeveral of them are 
added together. 
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Sect. 3. 8 Jews how to meaſure a Field of 


11419 which a Plan 1s required, as well as the 
1 quantity contain d in it. 
1 


14 Let Fig. F be the F eld to be meaſured and 
1 plotted. 

Having ſet up objects as before in all the 
angles, and being at 6, I begin with mea- 
ſuring 6 4, 592 links, and write it down in 
my field-book, then I meaſure 4 e 1247, as 
before, and write that down alſo; then I 
meaſure from e towards 6, and write that at 
657 it toucht the bounder as at c, with conti- 
nuance, then the whole of e h 1103 links; 
then I go back to c, and meaſure c d 284, 
and de 636, writing them down alſo ; then 
I meaſure from e towards , and write that at 
274, as at p, the offset is 97 links to /, alſo 
that at 378 it toucht the bounder at g with 
continuance, then the whole of eh 623; then 
I meaſure from h towards a, and write that 
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1 for 213 it toucht the bounder to i; and then 
[lt left it, and at 960 it toucht the bounder again 
$81 at 
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at / with continuance, and the whole of @ 
10753 now returning to J, I meaſure I 466, 
and 2 7 699, writing them down alſo; and 
thus the meaſuring in the Field is com- 
pleated. 1 , ; 5.4 bog. G2 10k agil Nd 

In meaſuring a Field thus, I ſhould take 
a ſketch of the ſeveral lines meaſured, and 
write thereon their lengths, as I have done 
in Fig. F, for I have not propoſed this in a 
regular method, but for diſpatch, and a make. 
ſhift for a ſingle Field, where I have no other 
Inſtrument but the Chain, and the whole 
length of @ e can be ſeen, and the like of the 
other line. bac oc 13 em 

To plot this upon paper, I firſt draw with 
a fine ſteel Pointrel a dry or obſcure line for 
the Diagonal a e, and by a Scale of equal 
parts (ſuch as before adviſed) laid thereto, I 
meaſure 1247 links, and make fine point- 
holes for the angles à and e; then with a pair 
of Compaſſes having fine points, I take on the 
ſame Scale 592, the length of & a, the ſhorter 
line, and with one foot in 4, I deſcribe a ſmall 
arch for þ; then by the edge of the Scale I 
{er off from e 1103, the length of e, making 
in the ſmall arch a fine point -Hole rg 
and draw a dry line for e, in which I ſet off 
from e 657 for c; then with my Compaſſes 
I rake 384 for cd, and with one foot in c,1 
deſcribe a ſmall arch for d, then with the 
Scale I ſet off therein from e 636, the length 
of de; then I draw black lines for the bounders 
ab, bc, cd, and de. 
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Now I take with my Compaſſes 623 ** 


* and with one foot in e, deſcribe a ſmall 
arch for þ, then with the Scale I ſet off there. 


dry lines for eh and ba; in eh I ſet off from 
e 274 forp, and 378 for g; then turning the 
Scale per r to the line eh at p, I ſet 
off therefrom 97 for f; now laying the Scale 
to ha, I ſor off therein from 5 213 for 7, and 
g60 for /; then taking with my Compaſſes 
466, with one foot in V I deſcribe a ſmall arch 
for E, and with the Scale ſet off therein from i 
699, che length of &i; now I alſo draw black 
lines for the bounders ef, fg, gh, hi, ih, E 
and Ja, and thus the plotting of the rough 
Plan is finiſht ; as to fair ones, I ſhall treat of 
them hercafier. 
Nore, Fields thus plotted by the meeting 
of meaſured Lines are plotted neareſt truth, 
when thoſe Lines make at their points of 
meeting Angles neareſt approaching to right 
ones. 
To meaſure the quantity in the Plan, we 
take the ſame method as in meaſuring in the 
Field for the quantity only, if meaſuring with 
the Scale in the Plan be allowed inſtead of 
meaſuring with the Chain in the Field ; for 
the Plan is already divided into the fame Tra- 
pezium and Triangles as the Field was, and 
the Scale will meaſure the ſame Baſe-lines, tho' 
in this three of them are directly given for the 
Baſes of the Trapezium and two Triangles, 


and ſubſtracting ii from +4, there will ä 
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, the Baſe of the other Triangle; but I muſt 
meaſure the Perpendiculars by the Scale, for 
which uſe it is very ready, as well as to ſet 
them off with in plotting; if the lines on the 
paper by the difference of weather be alter d, 
I allow in proportion for each; becauſe if it 
is not caſt up for the quantity immediately 
after plotting, there may be a perceptible dif- 
ference on that ceohnt .. ng 

The Baſes and Perpendiculars in the large 

Trapezium and three Triangles of Fig. F, are 
as before, therefore I ſhall not repear what 18 
ſad W 
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Sect. 4. Shewing the Method of reducing 4 
 multangular Figure to one Trapezium. 


Let Fig. G be the Figure to be reduced to 
one Trapezium. Nh ING 

Firſt, I extend one of, the fides as ag, by 
drawing a dry line produced both ways, if 
needful ; then laying the edge of a parallel 
Ruler to the angles @ and c, I move it parallel 
till it touches the angle 5, then I make a fine 
point-hole cloſe to the Ruler-edge in the ex- 
tended line at y. | „ 

Now laying the edge of the Ruler to , and 
the angle d, I move it parallel to touch, the 
angle c, and make a fine point-hole cloſe to the 
edge in the extended line at 2, and draw a dry, 
line 2d for one fide of the Trapezium. 
| Now laying the edge of the Ruler to the 
angles g and e, I move it parallel to touch the 

D angle 
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angle V, and make a fine. point-hole in the line 


ag at x, and draw a dry line from it to e; and 


thus the ſeven- ſided Figure abcdefg is re- 
duced. to the Trapezium ⁊ dex equal thereto. 


The line ex being the diagonal of the Paral- 
lelogram xheg by Euclid 1. 34. divides. it 


into two equal parts, , juſt as ef ages. one part, 


and /g the other; alſo the Triangles'e fg and 
eg are equal by Euclid 1. 37. as having the 


ſame Baſe eg, and being between the fame 
Parallels; therefore the line e x takes i in exactly 
equal to what it caſts out. 


Alſo the line c y divides the "hte Parallelo- 


gram y&c a equally, as cb does one part, and 
ba the other; and the line dz divides z/dy 
equally, as dc does one part, and cy the other; 
therefore the line dz takes in equal to what 
it caſts out; and in this manner may any 
multangular Figure be reduced to one Trape- 

zium or Triangle; either of which may be 
caſt up into ſquare links by one multiplication, 


and fo is not only more expeditious, but alſo 
free from the many miſtakes, which often are 


made in many ſmall T riangles. 


If I have not-a parallel Ruler, I lay the | 


edge of a common Ruler to the angles a and c, 


and with my Compaſſes take the neareſt 


diſtance from the Ruler-edge to the angle 5, 
and the ſame diſtance gives y in the extended 


line, and ſo of the reſt; but then I mind to 


et it off perpendicular to the edge of the 
Ruler. 


Let 
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Let Fig. H be a twelve-fided Figure to be 
reduced to one Trapezium. ct 

Firſt, I extend one of the ſides, as ab, by 
producing it with a dry line to o, then laying 
the edge of a parallel Ruler to & and d, I move 
it parallel to touch c, and it cuts the produced 
line at 2; then laying the edge to z and e, it 


touches alſo 4; now laying the edge to » and 


„] move it parallel to e, and it cuts the pro- 
duced line at 0; then laying the edge to o and 
, I move it parallel to /, and it cuts the pro- 
duced line at p; now I draw a dry line from þ 
thro' g produced to 7. 

Now laying the edge to g and z, I move it 
parallel to H, and it cuts pg produced at 7; 
then laying the edge to 7 and Ex, I move it pa- 
rallel to 2, and it cuts pg produced at s; then 
I draw a dry line from s thro' & to x. 

Now laying the edge to & and , I move it 
parallel to J, and it cuts q at x; then laying 
the edge to x and a, I move it parallel to , 
and it cuts & at 2; now drawing a dry line 
from à to 2 compleats the reduction of the 
twelve- ſided Figure to one Trapezium equal 
thereto, whoſe Area in ſquare links is had by 
one multiplication. 

Where the bounder of a Field has ſeveral 
ſmall and ſhort bends, I lay a fine filk or 


thread from the angle at one end thro' the 


ſeveral irregularities, making a fine point-hole, 


that a dry line drawn from the angle to the 
fine hole may leave out equal to what it 
takes in; for ſuch ſmall quantities may by 
* this 


Ak 
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this means be judged of nearly by fight: but 
Mr. Sion makes a braſs bow ſtrung with a hair 
or fine filver wire for this purpoſe. N 


Sect. 5. Shewing 15 to meaſure Angles wit 
the Charm, and 7 plot a Field or a 1 
thereb Y. 


Firſt, I take care that * mark in the 
middle of the Chain, and thoſe at every tenth 
link be each at equal diſtances; indeed every 


link ſhould be exact; but for them I have my 


Offset-Staff of ten links long divided into links 
and decimals, that is, into 100 equal parts, 
ſuch as the Chain contains 1000. 


Let the Angles of Fig. I be the Angles | 
to be meaſured and plotted ; and firſt the 


Angle a. 

I ſet objects exactly nn at þ and 9, and 
an arrow at a, and hold one end of the Chain 
to touch it, whilſt J direct an Aſſiſtant with 
the other end in his hand to ſet up an arrow 
at that end directly in the line towards 6, as 
at 4; then I direct him to do the ſame alſo 
exactly in the line towards q, as at e; then I 
meaſure the chord-line 4e 92+ links, and 
write them down in my ficld-book 925 parts, 
ſuch as my Offset-Staff is divided into. 
Too plot this Angle, I draw a dry line for 
4 9, and make a fine point-hole for a; then 
T rake with my Compaſſes off my Scale of 
equal parts the length of ten chains, and with 
one foot in 4, I deſcribe the arch ed; then 


laying 
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laying the edge of my Scale to e, I ſet off in 
this arch d at 925 links from e for the chord- 
line Je; then drawing the line ad plots the 
Angle à. | We 

To meaſure the Angle 6, I ſet up objects 
at a and c, and an arrow at &, and hold one 
end of the Chain to it, directing an Afﬀiſtant 
to ſet up another at the other end, as. before, 
in the line towards c, as at z, and the like 
in the line towards a, as at x; now whilſt 
two Aſſiſtants hold the Chain ſtreight in this 
laſt poſition to touch both arrows, I ſet up 
another at the middle mark, as at Y; then the 
Aſſiſtant at x brings his end to 5, whilſt I 
bring the middle to o, and ſet up there alſo 
an arrow, forming the equilateral Triangle 
hho; then bringing the end of the Chain 
from þ (whilſt the other remains at 5) into 
b o produced, I ſet up alſo an arrow at e, the 
Chain's whole length from &, thereby making 
the equilateral Triangle xe; now I try if 
x e be truly a chain, or make it ſo; becauſe 
half a chain is too ſmall a length to depend 
on in meaſuring Angles ; then I meaſure ez 
807 parts, to be added to one ſextant, or 
chord of a fixth part or 60 degrees, which 
in every Circle is equal to the radius or ſemi- 
diameter; and I write them 1. 807, mean- 
ing 1 ſextant and 807 parts. | 

To plot Angle 5, I draw a dry line for 46, 
and make therein &; then I take with my Com- 
paſſes ten Chains as before, and with one foot 
in þ deſcribe the arch xez/; then with one 

| foot 
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foot in x, I ſer off the 1 ſextant at e; now 
laying the Scale to e, I ſer off 807 links for 


another chord- line extending to 2; chen draw 
ing 47 plots the. Angle V. 

Note, If from e I ſet off 51754 in the arch 
for the ſecond chord- line; then . line drawn 
to it from &, would make at & a right angle; 
thus I may raiſe a perpendicular at the end 
of a line without a Protractor; and as all 


parts may be ſuppoſed the end, therefore it 


may do for any part. Alfo hereby a right 
angle may bc ſet off on the land with the 
Chain only. 

To meaſure the Angle c, I ſet up objects 
at & and d, and an arrow at c, and others at 
1 and &, one chain's length in both lines, and 
alſo at F and u, half a chain from c, and an- 
other at , as in meaſuring Angle 6 ; then 
my two Aſſiſtants holding the ends of the 
Chain, one to z, and the other to c, I bring 
the middle to o, making another equilateral 


Triangle of half a chain each fide; then I 


take the end from z to p, and fet up an arrow 


there alſo; now I meaſure the lengths n, 


and mp, and if not exactly a chain each, I 
make them ſuch, and then I meaſure pr, 


the chord-line to be added to the two ſextants, 


and write down 2. 793, meaning 2 ſextants 
and 793 parts, 

To plot Angle c, I draw a dry line for bc, 
and make therein e; then I take with my 
Compaſſes ten chains as before, and with one 
foot in c deſcribe the arch kmprg;. then 


with 
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with one foot in æ I ſer off m for the firſt 


ſextant, and p for the ſecond; now laying the 
edge of the Scale to p, I ſet off 793 Iinks for the 
third chord-line to 7 ; then drawing cr plot 
the Angle £5. RG 5 

Note, If with the Compaſſes having the 
extent of about 707 links, I firſt with one 
foot in n deſcribe the ſmall arch ea, and 
next with the ſame foot in þ deſcribe the other 
ſmall arch yz to croſs it; a line drawn from 
c to the interſection makes at c a right angle, 
and is a better way for raiſing a perpendicular 


at the end of a given line, when the paper 


will allow it; the Compaſſes may have any 
extent for the radius and two ſextants, ſo that 
for deſcribing the ſmall arches be near 28 leſs. 

The Angle 4 may be meaſured and plotted. 
like &, and the Angles e and g as c; but I muſt. 
ſhew how to meaſure and plot the external 
Angle 9. 

Note, When ſeveral angles are in one point, 
it is uſual to diſtinguiſh each by three letters, 
of which the middle letter ſhews the angle, 
and each of the others, with the middle one, 
the lines forming it; as the angle g 94 or agg 


is the angle, which the lines g and ga form 


at the point g. 
To meaſure the Angle , I ſet up objects at 
g and a, and an arrow (or higher object, if 


needful) at 4, and another at one chain to- 
wards a, as at n; then whilſt an Aſſiſtant 


holds one end of the Chain at , I take the 


other end in my hand, and ſet up another 


ArTOW 
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arrow in the line gg produced, as at 5; then” 
the chord-line 7 5 meaſures the Angle 11 
like as de does the Angle a; as doing 194 
from g produced is like plorting the Angle a, 
I only mention that in writing it down, I add | 


ſextants to the meaſure, to ſhew 1 It an exter- 
nal Angle. 


Note, In practice I would produce the lunge 
line ; for a q may be more truly produced to 
u, than gg tos; and the Angles g 9 and 4975 


ate equal. Euclid 1. 15. 
The manner of meaſuring the lines on the 


land, and plotting their lengths, is the. ſame 


as in Fig. F, except that here they are mea- 


ſured ſucceſſively as I go round in the Field; 


but as theſe lines may have offsets taken from 
them to the bounders, I muſt refer the Reader 


to the next chapter, where I ſhall be more 
particular in that part, when treating of the 
Plain-Table. 

Let Fig. I now be a Wood, that I muſt 
meaſure round on the outſide, and plot, having 
only the Chain to meaſure with on the land, 
and that I may begin with the Angle e. 

It has been proved, that the Angles g 
and 49 are equal, and by the ſame gg a and 
4 qs are equal; conſequently the Angles zef | 


and deg are equal; but it is eaſier to meaſure 


and plot the Angle gef, like as the Angle 9 
was for the inſide; ſo that it is apparent the 
Chain will meaſure the Angles without the 


Field as well as within; but other Inſtruments 
being 


Eb 
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being more ready in practice, I ſhould now 
proceed to the Plain- Table. 

But as it may often be wanted to have a 
right Angle ſet off on the land by the Chain 
only, both where a ſtreight line can't be pro- 
duced, and where it can ; I ſhall ſuppoſe 4 in 
the line ae of Fig. F, the place; and firſt 
where the line can be produced; then I mea- 
ſure any length between 30 and 40 links to- 
wards a, and exactly the ſame length in the 
line ag produced towards e, ſetting up an 
arrow at each; then whilſt my two Aſſiſtants 
hold the Chain ends to the two arrows, I take 
the middle towards h, and equally ſtretch it 
from both ends, whereby I have a perpendi- 
lar from the line ae at 9g, and a line from it 
to , will make at q two right Angles. 

But if aq could not be produced towards e, 
T meaſure 80 links towards a, then I meaſure 
60 links, as nearly perpendicular as I can 
gueſs, ſetting up an arrow at each; then 1 
meaſure the diſtance between the two arrows, 
and if not exactly a chain, I make it ſuch, by 
moving the laſt arrow farther, or nearer ; 
but I take care it ſtill be exactly 60 links 
diſtant from 9, and then it will be a perpen- 
dicular to the line ag at gq, and a line from 
it to q will make at 9 a right Angle; or I 
can do it by firſt ſerting off a ſextant, and 
then another chord-line of 51,76 links at a 


chain diſtance from 9. See the Note page 
22, ; 
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Let it be required to ſet out on the land a 
given. quantity of acres in a Rectangle, of 


which one Side is given. 


I firſt add five cyphers to the right hand 
of the given acres, which make them ſquare 
links; then I divide thera by the links in the 
given Side, the quotient 1s the length of the 
other Side or Perpendicular in links alſo, 
which length I ſet off at right angles to both 
ends of the given Side; now a ſtreight line 
from the farther end of one Perpendicular 
to that of the other, will be equal to the given 
Side, and theſe four lines will form a Rectan- 
gle, and encloſe the quantity required. 

But if the given quantity has odd roods and 
poles, I add for every rood 40 to the poles, 
and four cyphers to the right hand of the ſum; 
then I divide it by 16, and the quotient 15 
ſquare links, which I annex to the acres in- 
ſtead of the five cyphers. 


CHAP, 
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Shewing 


CHAP. 


II. 


how to meaſure a Field or 


other piece of land by Pn it on 
the Plain- Table. 


Sect. 1. Shewing how 70 plot any piece F land 


. at one Station, 


from whence all the angles 


can be ſeen and meaſured to, and to divide 


and caſt up the ſame. 
E T Fig. K be the F ield to be Plottetl 


and 


meaſured. 


Firſt, I go round and ſet objects upright 
in all the angles, then I plant my Plain- 
Table, if poſſible, where I can ſee them all; 
and if in any place a nearer object will be 
in the fame line as a farther, I chuſe it; 
at © that g coincides with h, and c 
with 5, I plant there my Table, and fix paper 
thereon, and make the length way of it cor- 


finding 


reſpond to that of the Field. 


Now I make on the paper a fine point-hole | 
with a ſmall black - lead circle round it, as 
at ©, to repreſent the place of the Table on 
the land, and apply the edge of the Index- 


2 


ruler 
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xuler thereto, ſo as thro' the ſlit to ſee the 
object at @ cut by the hair in the midſt; then 
with my Pointrel by the edge of the Index- 
ruler, I draw a dry line from the fine hole 
at © towards 2; then I do the like in view- 
ing to c, d, e, f, and g, keeping the edge cloſe 


to ©, and drawing dry lines from it towards 


all of them. 
Now by a plumb-line I find the place on 
the ground under © on the paper, where I 


make a hole, and from it meaſure the diſtances, 


firſt to g, and proceed on in the ſame line 
to h, writing down their lengths as I come 
to each; then I go to a, and meaſure from 


it to ©; then with my Scale (as large as the 


paper will allow) I ſet. off in the dry line 
drawn towards each it's diſtance ; then I mea- 
ſure to c, and continue on the line to &, and 
ſet off their diſtances ; then I meaſure from 
O to d, and from e to ©, and laſtly from © 
to f, and ſet off their diſtances; then I draw 
lines for the bounders with ink from each 
angle to the next in my Plan, and a line 
croſs the whole or part for a Meridian, paral- 
lel to the Needle in the compaſs- box, except 
what I allow for the variation. 
Now if we imagine the paper on the Table 
to be the ſurface of the land, and the dry lines 


drawn, and meaſured lengths ſet off therein, 


the lines meaſured on the land, we ſhall alſo 


conceive the black lines drawn for the boun- 


ders, truly to agree with thoſe of the Field, 
and that their lengths, and all to be drawn 
for 


tu _ fs ob n as mas amb and. 
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for the baſes and perpendiculars of the Tra- 
pezias and Triangles, in meaſuring for the 
quantity, have the ſame proportion as the Scale 
to the Chain, and will meaſure the ſame as if 
on the land itſelf, like Fig. F. | 

Fig. K may either be reduced into one 
Trapezium, or divided into three, whoſe baſes 
each being multiplied into the ſum of it's 
two perpendiculars gives the double Area in 
ſquare links, and the three products added 
and halved is the Area of the Field in ſquare 
links, which may be reduced into acres, roods, 
and poles, as afore taught, page 13. tho' a little 
practice will ſoon render the Surveyor able to 
diſcover at ſight the roods and poles in any 
decimal parts of an acre. | 

Fig. K may be ſuppoſed two Fields, and 
the Table planted in the North-eaſt angle of 
the lower Field, where the other angles of 
both might be obſerv'd, and meaſured to; 
alſo any of the angles may be ſuppoſed a fit 
place for next planting the Table to obſerve 
new angles for plotting any. adjoining Field: 
the manner of removing the Table from one 


ſtation to another, ſhall be ſhewn in the next 
ſection. | | 


dect. 2. Shewing how to plot any piece of land on 
the Plain-Table, by meaſuring round within it, 
or without, and taking offsets to the bounders. 


Let Fig. L firſt be a Field to be plotted by 
meaſuring round within it. 


Note, 
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Note, © -repreſents a Station, or place of 
planting the Inſtrument, whether Plain Table, 
Theodolite, &c. the prick-lines teading from 
one Station to another, are the Station-lines, 
the black-lines the bounders ; the prick-lines 
from the Station-lines to the bounders, the 
offsets to them; and thoſe from the Stations 
to any angles in the bounders, the by-angles 
obſerv d, which may alſo have alen from 
them to the bounders. 

Suppoſe I enter the Field Fig. L near © 2, 
and judging © 2 a fit place, I make a round 
hole in the ground, and ſet up an object in it, 
with the white paper exactly over the hole 
by means of my plumb-line; then I go round, 
and do the like at all the other Stations, ex- 


cept © 1, where I firſt plant my Plain-Table, 


and fixing paper thereon, turn the Table to 
have the length correſpond to the F eld, and 
ſo ſcrew it faſt. 

Now I make the fine point-hole for © 1 on 
the paper, where moſt likely to bring the 
whole Plan, if not too large, into one ſheet; 
then laying the edge of the Index-ruler to it, 
I view the object at © 6, and draw a dry line 
from it towards © 6; then turning the Index 
about, I next view a tree near the middle of 
the Field, and then the object at O 2, draw- 
ing a dry line from © 1 towards each; then 
I write down the degree the North end of the 
Needle points to, becauſe it ſhould point to 

the ſame at all the Stations; now I dig alſo a 


round hole in the ground under © 1 in my 
Plan, 
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Plan, and taking up my Table. I ſet up an 
object in ĩt exactly upright, and meaſure from 
it towards O 2, and find that perpendicular 
againſt 218 the offset to the angle at the 
bounder is 157 links, which I ſer off in my 
Plan like the angle F of Fig. F, page 16. then 
meaſuring on at 375 the offset is but 6, and 
continues the fame to 698, at both which LI 
ſet off 6 in my Plan; then I meaſure on to 


O 2, and find the whole 1041 links, which 


I ſet off in the dry line drawn for it, and mark 
it ©2; then taking out the object, I plant 
my Table 'to have © 2 over the hole, when 
placed parallel to what it was at © I; that is, 
the edge of the Index- ruler touching both 
Stations, the hair muſt cut the object at © x, 
and ſo I ſcrew it faſt. | 

Now ſetting up objects in the by-angles 2 
and 6, I firſt turn the Index to view that at a, 
and draw a dry line from © 2 towards it ; 
then I do the like towards 5, © 3, and the 
tree, which laft croſſing that drawn towards 
it from © 1, the interſection determines the 
place of the tree, which being remarkable, as 
ſeen from all the Stations, I mark it in my 
Plan; then I meaſure to a 412 links, and 
from þ 353, and ſet them off in the dry lines 
drawn towards them ; then I ſet off the diſtance 
to the bounders in the two ſtation-lines pro- 
duced, vig. 151 in the next produced back- 
wards, and 15 in the firſt produced forwards ; 
then I draw. the bounders from the angle 
where the firſt offset was made to the _ 

an 
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and ſo on round by 2, &, thro' the 151 to the 


next angle ; then taking up my Table, I fix 


again the object as before, and meaſure on to 
© 3, which J ſer off 564 links, and the offset 
to the angle in the bounder 27, and then I 


draw the bounder from it thro' the 15 to the 


angle at meeting that laſt drawn. 

Now taking out the object, I plant my 
Table to have © 3 over the hole, when placed 
parallel to what it was at the former Stations, 
and ſcrew'd faſt; then I turn the Index to 
make the ruler-edge touch the place of the 
tree and © 3 in my Plan, and finding the hair 
cuts the tree as it ought, I turn the Index to 
view © 4, and draw a dry line towards it; 
then taking up the Table, I fix the object as 
before, and meaſure on to © 4, which I ſet 
off 471 links, and the offset 23, and draw the 
bounder from the laſt angle thro' it to the 
next; then I meaſure on in the Station-line 


produced to the next bounder 207 links, and 


the diſtance of © 4 from the neareſt place in 
the fame bounder 173, both which I ſer off, 
and draw the bounder from this laſt thro' th 
207 to the angle. 
| Now taking out the object, I plant my 
Table to have © 4. over the hole, when ſcrew'd 


faſt in the ſame paralleliſm as at the other 


Stations; then after viewing again the tree, I 


turn the Index to view © 5, and draw a dry 


line towards it; then taking up my Table, 1 
fix the object as before, and meaſuring on 
towards © 5, I find at 125 the neareſt place 


of 
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of the bounder is diſtant 12 1, which I ſet off 


ax bearing forwards, as the Figure ſhews ; and at 
to 388 the perpendicular offset is 9, and at 712 
et it is 12, both which I ſet off in my Plan; then 
I I meaſure on to O5, and (ſet it off at 912 
ne links. ENS) | 

| Now taking out the object, I plant my 
1 Table to have © 5 over the hole, when ſcrew'd 
d faſt in the ſame paralleliſm as before; then 
s, l˖ͤ fer up objects in the by- angles c and d, and 
to after viewing the tree, I turn the Index to 
je view the objects at c, d, and O 6, and draw a 
ir dry line towards each; then I meaſure to c 
0 159, and from d 245, both which I ſer off 
; in my Plan, and alſo the diſtance to the 
2s bounder in the next ſtation- line produced 
t backward 95; and now I make up the boun- 
e ders round by the ſeveral offsets to the angles 


c and 4; then taking up my Table, I fix the 


c 
e object as before, and meaſuring towards © 6, 
d find at 162 the offset is 32, which ] ſer off; 
n then I meaſure on to © 6, and ſet it off at 
j 708, and the offset from it to the bounder 
e 36 links. a 


Now finding the dry line drawn from © 1 

to interſect the point-hole here made for © 6, 
I do not plant my Table at © 6, but begin 
meaſuring from it towards © 1, and finding 
at right angles to the line at © 6, the offset 
to the angle is 42, I firſt ſet that off in my 
Plan ; then meaſuring to © 1, I find it 582, 
which, meaſuring the ſame by the Scale in 
my Plan, proves the truth of the work; the 
| F offset 
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offset is here alſo 42, which I ſet off, and th 
draw.the bounders from d round by the ſeve- if 
ral offsets thro' this laſt to the angle; then F t 
meaſure on in the ſtation- line produced to P 
the next bounder 88 links, and ſet that off al 
alſo, and draw the bounder from the angle at al 
the firſt offset taken thro' it to the angle at P 
meeting the laſt bounder; and then if a Meri- Ol 
dian-line be drawn, as in the former, the i 
rough Plan is compleated. in 

But if © 6 had not met in the interſection, th 
or it's diſtance from OI been too much, or * 
too little, I ſhould very likely have all my F 
work, except the offsets, to meaſure and plot I 
over again; which would much vex me, eſpe- c 


| cially if I am ftraiten'd for time, and can't 
| do it the fame day, but muſt come again the 
| next, tho' it ſhould be a mile or two, on pur- P 
5 poſe ſor it. | 

| 

| 


C: 

F The Plain-Table Surveyors, when they find 1 

1 their work not to cloſe right, do often cloſe 8 
| it wrong, not only to fave time and labour, al 
| but the acknowledging an error to their Aſſiſt- fe 
| ants, which they are not ſure they can amend, =: 
| becauſe in many caſes it is not in their power, * 
and may be more often the fault of the In- 1 

ſtrument than the Surveyor ; for in uneven ch 

N land, where the Table can't at all the Stations li 

| be ſet horizontal, or in any other one Plane, It 
| it is impoſſible the work ſhould be true in all 18 
parts: but to prevent great errors, I would in 


(at every © after the ſecond) view, where- ever i 
I can, the object at ſome former O, beſides 
| that „ 
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that the Table was laſt planted at; becauſe 


if the edge of the Index-ruler don't quite 
touch, or but very little covers that © in my 
Plan, "wil it touches the © I am at, I may 
amend the error before it is more increaſed, 
and if it much varies, I may examine it by 
planting again the Table at the former Station 
or Stations. | 

If a Field is hilly, that I can't, without 
increaſing the number of Stations, ſee more 
than one object backward, and another for- 
ward, and there is nothing fit within the 
Field, as I ſuppoſed the tree in Fg. L, then 
I would ſet up an object on purpoſe to be 
view'd from all my Stations, if Poffible, for 
ſuch a rectifier. 

The lengthening and ſhortening of the pa- 
per, as the weather 1s moiſter or drier, often 
cauſes no ſmall error in' plotting on the Plain- 
Table ; for between a dewy morning, and the 
Sun ſhining hot at noon -day, there is great 
difference, and care ſhould be taken to allow 
for it ; but that can't be done 1n large Surveys, 
and ſo ought not to be expected: indeed thoſe 
working by the degrees, without having their 


Plan on it, are not liable to this error, tho' 


they are to the former ; but both ways are 
liable to another error, which is, that the 
ſtation- lines drawn, or the degrees taken, are 
not in the line between the objects, nor pa- 
rallel thereto; neither will this error be ſmall 
in ſhort diſtances, and may be great, if each 
© on the Plan, or the center uſed with the 


2 degrees, 
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degrees, is not exactly over the Station-holes; 


but to be moſt exact, it is the line of their 


Sights, that ſhould be directly over the hole. 
Mr. Siſſon has made ſuch improvements to 

his Plain- Tables, which each by a conical 

Ferril fix on the ſame ſtaves as his Theodolite, 


that the above errors, except that of the paper, 
are thereby remedied ; for the line of the 


Sights in viewing is always over the center of 
the Table, which is as readily ſet perpendicu- 
lar over the hole, as the center of his Theo- 
dolite, and the ſtation-· lines drawn parallel to 
thoſe meaſured on the land; and the Table is 
ſet horizontal with a Spirit-Level by the ſame 


four ſcrews that adjuſt the Theodolite ; there- 


fore Some chuſe to have both Inſtruments, 
that they may uſe FT, as they ſhall think 
moſt convenient. 

Let Fig. L now be a Wood, that I muſt 
meaſure and plot on the outſide; if on my 
coming round to my firſt O, the lines meet as 


they ought, the Plan will be as truly made, 


as if done on the inſide; but here having no 
rectifier of my work as I go on, I muſt truſt 


to the cloſing of the laſt Bea line; and 
if that does not truly cloſe with the firſt, I 
muſt go over the work again, and without a 
better Inſtrument than the common Plain- 
Tables, T can't be ſure of not making ſuch an 


error in this caſe. 


Suppoſe my Table planted at © 1 on the 
outſide, with paper fixt on it, and objects ſet 
pp: at all the other Stations on the outſide, and 


dry 
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dry lines drawn from © 1 on the paper to- 


wards ©.6 and © 2; theſe done, I take up my 


Table, and ſet up an object at © 1; then mea- 
ſuring from it towards © 2, I find at 20 the 


offset to the firſt angle is. 38, then at 280 the 


offset to the next angle is 26 links, both of 
which I ſet off in my Plan; then at 394 the 
perpendicular offset to the next angle is 206; 


then at 698 the diſtance of the ſame angle is 


366 bearing backward, as may be ſeen in the 
Figure, that by the interſection of theſe two 
offset lines the angle may be more truly plot- 
ted; then I meaſure the diſtance from this 
angle to the next 323, and from that to 698 
place in the ſtation- line 280, which is the 
perpendicular offset; then by the interſection 
of theſe, that angle will be well plotted; then 
at 776 the offset to angle à is 48, and at 1012 


the offset to 6 is 22, both which I ſet off in 


my Plan, and at 1306 I make © 2; and now 
I draw the bounders from the firſt offset to the 
next, &c. to the angle 5: As there is no diffi- 
culty in taking the offsets from the other ſta- 
tion-lines, I ſhall not proceed farther in plot- 


ting it on the outſide ; for a ſight of the Figure 


is ſufficient. 

Some Surveyors would plant their Table at 
ſome place between 394 and 698 in the firſt 
ſtation-line, and take the two angles (which 
here plot by the interſection of lines) as the 
by-angles à and & were taken at © 2 within 
the Field ; but if the bounder ſhould not be a 


ſtreight line from one angle to the other, then 


their 
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their diſtance ſhould be meaſured, and. hep 
taken to the ſeveral bends in it. | 


Sect. 3. Shewing how to meaſure an inacegſſibl- 
Aiſtance, and alſo to plot on the Plain-Table 
a Field at two Stations, where all the angle, 
may be feen at each, either within or without 

the Field, by meaſuring on the land only the 
diſtance een the tao Stations. 26561 


I plot an inacceſſible nos in the. 4 
manner as the Tree in Fig. L; for if I could 
come no nearer to it than the ſtation- line, yet 
J might with my Scale meaſure it's diſtance 
from © 1, or © 2, or any part of the line be- 
tween them in my Plan, the fame as if I mea- 
ſured it with my Chain on the land ; but I 
obſerve to make the Stations at ſuch diſtance 
from one another, that the lines drawn to- 
wards the Tree may interſect each other as near 
as poſſible to right angles. 

Let Fig. M be a Field to be plotted as 


| above. 


Having ſet up 48 at all the fix angles, 
and at © 2, and planted my Table at © 1 
with paper fixt on it, and made © 1, I lay the 
Index-ruler cloſe thereto, whilſt viewing all 
the objects, and draw dry lines from it towards 
each; then I make a hole in the ground ex- 


actly under © on the Table, and ſet up an 


object in it, and meaſure from it to © 2, and 
ſet off the diſtance in my Plan ; now I plant 
the Table at © 2, and {crew it faſt ; in the ſame 

Po: 


We 


les 
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paralleliſm as at © 1, by the Index - ruler 
touching both Stations in my Plan, whilſt the 
hair cuts the object at © 1 ; then I turn the 
Index to view all the other objects, and draw 
dry lines towards each ; then the points where 
theſe interſect the former, are the ſeveral 
angles in my Plan, and black lines drawn from 
each to the next, will be the boundets of the 


| Field, | 


This method requires the being very cu- 
rious in drawing the dry lines, and' to con- 
trive the Stations ſo, that each of theſe lines 
may meet thoſe drawn from the other O, as 
near as poſſible to right angles, becauſe what- 
ever is thus plotted by the interſection of lines, 


if they interſe& with very acute or obtuſe 
angles, the leaſt variation in drawing either of 


the lines, will alter the point of meeting con- 


ſiderably. 


By this method ſuch a Field as Fig. M 
may be plotted without meaſuring one line 
in it, or near it; if the Plain-Table can be 
planted at two Stations on high ground with- 
out the Field, from whence objects in all the 
angles can be ſeen at each; for it is only con- 
ceiving each angle to be an inacceſſible diſtance, 
and ſo the whole Field will be plotted by 
meaſuring only the diſtance between the two 
Stations. 1 
Alſo the Perſpective of a Town, City, &c. 
may be taken in this manner, by obſerving 


at two Stations the Spires, and other remark- 


able things, that can be ſeen at them; for 
1 5 when 
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when theſe are determined by the interſec- 
tions, the leſs remarkable may be done by 
ſight at either O, or in any part of the ſtation- 
r | 
If a third Station is made in any of theſe 
caſes, and obſervations made of the ſame 
things, by interſections nearer to right angles 
with either of the former, and if theſe laſt 


meet in the ſame points, it will prove the Ly; 
truth of the work ; and it otherwiſe, ſome 
corrections may be made by it, or the former 

again repeated, whilſt near thoſe Stations. 


Set 
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C HAP. III. 


Hering how to ſurvey a Field or ot her 
piece of land by the T, Beodolite, Cir- 


cumferentor, or degrees on the Plain- 


Table, and to plot the ſame. 


Sect. 1. That the Theodolite as improved by Mr. 
Siſſon is the beſt Inſtrument for oſotring 
large Tratts of land. 


HE Plain-Table may ſtill be, if conſi- 
derately managed, very uſeful in plan- 
ning the Ground-Plat of Buildings, Gardens, 
or a few ſmall parcels of land nearly on a 
level; but it is unfit in general for the Prac- 
tical Surveyor, who ought to have an Inſtru- 
ment whereby to plot large Tracts of land as 


well as ſmall, of hilly as well as on a level; 
for doing which there is none comparable to 


this Theodolite ; for all the others are only 
Approachers towards this, as this is to the 
truth, and are included in it; however, not 
to be defective, I muſt ſhew the uſes of thoſe 
others, in doing that which is much better done 


by this contrived by the ingenious Mr, Siiſon, 
G who 


3 =o 
5 TS. ESE I OO 8 
— 2 — — 2 


od 
* 
a # 
14 
Li 
* 
5 1 
i 
1 
L * 
8 
15 
FF * 
\ 1 
1 „ 
n l T 
1 7 
4 C 
. k 
- 1 11 
1 
is 
- | Li 
1 4 
a 7 ; 
* 
y 8 
75 
b 
( 1 
1 
7 
1 7 
71 
if 
b 
. it] 
. 
* Y 1 
* s 
2 3 
= 1 
4 
© Ti 
N 1 
ik 
TR 
118% 
g » 
PY wy > 
: 1 
| 
_  -. 
A 
. 
b * 
] 
. +334 
1 7 
J 11 * 
1 
* 1 
19 
BY 
1 4 
1 
C2 
* 
c 
p rs. 
3% # 3 
1 
U 
1 
7 
I 
1 


42 Pr actical Surveying Improved. 


who has made ſuch improvements therein, 


o that, if care be uſed, no more are wanted for 


the taking of Angles in the field; the ching 


wanted was to plot them as exact; but that ] 


did not hope for; therefore I was farisfied with 
the Approach I had made towards it: but Mr, 
Siiſſon has lately contrived a new Protractor, 
and Scale of equal parts, with ſuch apparatus 
to them, that the ſtation-lines of a large Survey 
(if they could be given true) might be as truly 
plotted, as their angles and meaſured lengths 
can be taken on the land. 3 5 

Here I can't but reflect on the inconfideration 
of many Gentlemen, who are much pleaſed 
with very incorrect Surveys of their Eſtates, 
who ſeeing their Maps picture- like drawn, and 
the writing in them neat, from thence infer 
that they are Plans, tho they can't be juſtly 
called ſuch ; they may indeed be better than 
Eye-Draughts in the dimenſions, and yet worſe 


in the ſhape of the bounders, as ſuch Gentle- 


men who will a little examine their Maps on 
the land (where the bounders are curves of 


many ſhapes,. whether hedges or brooks) will 


ſoon find them far from truth; and as this is 
the caſe with almoſt all that I have had the 
opportunity of examining, ſo I muſt believe the 
Meaſures may be far from truth alſo ; for! 
have found them ſo in very many, in ſome 
ſo far, that the Tenants by their Mowing, 
Plowing, &c. have found it allo, and ſome 
have told me, it is not for them to tell their 
Landlords, where the quantities are given w 

litt E63 
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1 little; and the modeſt Surveyors (who were 
ſenſible of their own failings) have generally 
taken heed not to reckon them too much; 
whereas if we could plot our work true, the 
quantities might be given very near it: now 
by taking our Angles ſo truly with this The- 
odolite, we can, with ſkill, care, and induſtry, 
come aſſuredly ſo near truth in plotting, as 
not to be detected in an error by any means: 
but if Gentlemen will not pay anſwerable to 
the care and induſtry requiſite, they may 
ſuffer very conſiderable damage by either new 
or old erroneous Surveys. 


Se. 2. Shewing how. to ſurvey a Field, or 
other piece of land, by a common Theodolite, 
Semi - Circle, on the degrees on the Plain- 
Table. 1 


Let Fig. L be the Field to be ſurvey' d. 

Firſt, I fer up objects as before, ſo as not to 
to have more ſtations than needful, and the 
{tation- lines as near the bounders as I can, 
either within or without the Field. 

Suppoſe my Theodolite graved to 360 de- 
grees, with Nonius's diviſions for the minutes, 
and having a plumb line under it's center to 
ſet it directly over the obje&-holes, and plant- 
ed at © 1 within the Field; then I bring the 
Index to 360, and turn the whole to make 
the hair in the ſights cut the object at © 6, 1 
and ſcrew it faſt; then I turn the Index, that 11 
the ſame hair may cut the object at © 2, and | 

G 2 write 
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write down in my field. book the degree and 


minute ſhewn by the Index, v:2. 2599: 42% 


with the Bearing by the Needle; then taking 


up my Theodolite, I fix an object exactly 
over the hole, and meaſure from it to O2, 
and beyond to the interſection of the bounder 
in the line produced, writing down my offsets 
as I meaſure on, and int. for the interſection; 
I place every particular length of the ſtation- 
line from whence an offset is taken under 
the Angle, and the quantity for each offset 
to the right hand or the left, as it is in the 
field, when I ſtand on the line looking back 


to the object I meaſure from, that being moſt 


natural in writing them down, and making 
the ſhapes of the bends in the bounders as J 
go on; but where an offset is not taken per- 
pendicular to the ſtation-line, I annex a ſhort 
black line to ſhew it's deviation. 

Being come to © 2 I take out the object, 
and plant my Theodolite exactly over the hole, 
and bringing the Index to 360, I turn the 
whole to view © 1, and ſcrew it faſt; then I 
turn the Index to view objects at a, &, and © 3, 
writing down the degree and minute ſhewn 
by the Index for each, and then I meaſure 


their diſtances, as before in plotting on the 


Plain-Table, whither I muſt refer the Reader, 
if he does not underſtand the ſame quantities 
in the following Form. 


04 


by a 
SY 


© 6 
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MWote, If the Survey is made by a Semi. 
Circle number d firſt to 180, and then again 
on to 360, or by the degrees on the Plain- 
Table, the Angles would be the ſame, if taken 
as true, and there would be no difference in 
a down the Oblerrationse 


Set. 3. 'Shewimg how 10 of is the foregoing 


Oer vation. 


As the Angles were medians - on the land 


with a Theodolite, they are to be plotted with 


a Protractor number'd like the Theodolite, 


that on the paper it may repreſent the Theo. 


dolite on the land; and to this end a whole 
circle is better than a ſemi- circle, tho' the 
latter (number'd firſt to 180, and then again 
on to 360) hath been moſtly uſed; but if the 
Practical Surveyor. would allow. himſelf to 
ſpend ſo much time in. this part of his work, 
which requires his utmoſt diligence to be exact, 
as in ſetting off his Angles, to ſer them off on 
both fides, vig. them and their oppoſites, then 


the whole circle is. equal to a ſemi-circle of 


double the radius; for the larger the Protractor 
the more truly may the Angles be ſet off; but 
then the whole circle muſt be divided into 
half degrees, and doubly number'd, that is, it 
muſt be number'd from both ends of the dia- 
meter at every ten degrees round to 360. 
Having my Protractor, Scale, Paper, Gc. 
ready, I firſt conſider where to place © 1, that 
the whole may come within my paper, if poſ- 


_ fable 
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ſible, without paſting more to it; then making 
© 1, I draw at diſcretion a dry line from it 
for © 2, and ſet off therein with my Scale 


1041, the length of the firſt line, and there I 


make © 2; then applying the center of my 
Protractor to © 2, with it's diameter directly 
over the dry line already drawn, and extended 
both ways more than the radius, I ſet off with 
my protracting pin the Angles taken at © 2, 
vis. 36®: 5, 709: 400, and 290: 28, and 
drawing dry lines from © 2 thro? each, I ſet off 
in the laſt 564 for O3; then making © 3, I 
apply the center of my Protractor to it with 
the diameter over this laſt dry line, and ſet off 
the Angle 1279: 4/, and draw a dry line thro' 
it, and ſet off therein 471 for ©4; and fo 1 
go on ſucceſſively with all my ſtation- lines, 


till I come round to © 1, where I began, and 


if it meets exactly in the point, I may be ſure 
my ſtation- lines are well plotted : the manner 
of plotting the offsets from the ſtation-lines 
for the bounders, is as before directed on the 
Plain-Table; alſo the Angles of interſection 
for the tree, or any other inacceſſible diſtance 
may be taken, and plotted like the Angles of 
any other object, and therefore need not be 
repeated. KEE 

Note, Planting the Theodolite at © 2, © 3, 
© 4, and © 5, takes all the Angles needed in 
plotting this ſingle Field; but if a large cir- 
cuit is taken in at once, it would be neceflary 
to take the Angle at every ©. , 
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Se. 4. Shiny the method of proving the 
Angles, when all are taken. 


I add the quantities taken for every Angle 
ber over or under 180 degrees) into one 
ſum; then I nultiply 180 by a number greater 
or leſs by two than the number of Angles or 
Stations, and if this product be equal to the 
ſum of the quantities taken, it is a proof that 
they are well taken. 

Let the number of Angles be ſix, as 1n the 
foregoing Example, and the ſum of the quan- 
tities 1440 ; then 180 multiplied by 8 (the 
number of Angles increaſed by — being 
alſo 1440, proves thoſe Angles well hg 
but if the ſaid quantities had been taken inward 
inſtead of thoſe taken outward, then their ſum 
would have been but 720 equal to 4 times 180. 


Sect. 5. Concerning the Circumferentor. 


The Circumferentor is much like a com- 
mon Theodolite without it's Limb; for it 
has a compaſs-box ſcrew'd to a braſs plate 
much like the Index; and this Index has alſo 
plain fights, and turns on a cylinder, which is 
moveable by a ball and ſocket, and the whole 
ſupported by a three-legg'd Staff. 

The compaſs- box is divided into 360 de- 
grees, number'd by tens to 360, and alſo to 
four nineties from the North and South points, 


and at the North point is a flower-de-luce. 
In- 
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In ſurveying Commons, Roads, or Waſte- 


Lands, where only the ſhape of the bounders, 
and the length of the lines are required nearly, 


but not with accuracy either in them or the 
uantity, the Circumferentor may do well 
enough for the angles (with a meaſuring Wheel 


for the lines, whoſe Indexes may be made to 


ſhew chains and links as well as miles and 
furlongs) but it is by no means a fit Inſtru- 
ment for taking a Plan, where exactneſs is 
required; becauſe We can't be certain of it's 


giving any particular angle ſo near as two de- 


grees; for in ſurveying large quantities with my 
Theodolite, I have frequently found my Needle 
varying more than five degrees, and therefore 
I reject ſuch dependance on it; however, in 
the above caſe 1 will ſuppoſe it to be uſed, by 
reaſon great diſpatch of buſineſs may be made 
with it; for if we can ſee a tree, or any ob- 


ject held up at a great height, and take it's 


Bearing, and meaſure on to it, we never heed 


to look back to any object left at the © we 
meaſured from; tho' if we did, we might be 


ſenſible of the Needle's erring, but we could 
not rectify it; indeed we might take the mid- 
dle between, but that may not mend the mat- 
ter; therefore the Practical Surveyor will 
uſe his Theodolite in the above caſe, as well as 
that which requires more exactneſs, and will 
depend on the Needle in thoſe angles only, 
where it will be of ſervice to his having the 
longer ſtation lines; and ſo take every oppor- 


tunity that offers of looking backwards and 


1 forwards, 


* 
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forwards, thereby taking thoſe angles certain 
on the Limb; and then in plotting his ſtation- 
lines, he will alter the angles of thoſe only that 
depended on the Needle, in order to make his 
work cloſe; and thus with care he may come 
ſo near, as not to vary widely from truth; for 
it may be much nearer in moſt places than 
large Surveys are commonly done with the 
Plain-Table. 


Wich the Theodolite we commonly . che 


Angle made by the meeting of two lines at the 
center of the Inſtrument; but with the Cit- 
cumferentor we take the Angle made by the 
Needle with every ſtation-line, and the Avi 
fions in the compaſs-box ſhew what it is at 
each O; ſo that if the Needle was in every place 
parallel, we could do very well with this In- 
ſtrument; but tho” it is not, yet I ſhall ſhew 
the uſe of it. 8 


Sect. 6. Shewtng Jour to ſurvey a Field, or 
other piece of land, with the Circumferentor. 


Let Fig. L be the Field to be ſurvey d. 
My objects being all ſer up as before, I be- 


gin with writing down in my field-book x © 


line, leaving ſpace for putting in the Angle 
or Bearing, till after I have planted my Cir- 
cumferentor at © 2, and view'd the object at 
© 1; then I meaſure from O1 to © 2, and 
write down the parts of my ſtation- lines, and 
the offsets againſt them, as in 2 with 
the Theodolite. 

_ 
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Being come to © 2, I plant there my Cir- 
cumferentor, then I firſt view the object left 
at © 1, and fill up the ſpace left for the Bear- 
ing of the firſt ſtation-line with the degree the 
South end of the Needle points to; becauſe if 
I had view'd © 2 from Or, the North end 
of the Needle would have pointed to the ſame; 
then I view the objects at the by-angles a and 
b, and alſo at © 3, writing down the degree 
that the North end of the Needle points to at 
each ; then after meaſuring to each, and from 
O3 to © 4, I plant my Circumferentor at 
© 4, and firſt viewing the object at © 3, I fill 
up the ſpace left for the Bearing of the third 
ſtation-line with the degree the South end of 
the Needle points to, as I did for the firſt, and 
then I view © 5, and write down the degree 
the North end points to, then after meaſuring 
to O5, I plant there my Circumferentor, be- 
cauſe of the by-angles to be taken, and firſt 
viewing back to O 4, I look if the South end 
of the Needle now points to the ſame degree, 
and if it does not, I note the difference, that a 
correction (if needful) may thereby be made 
in plotting ; then I vie the objects at the by- 
angles c and d, and alſo at © 6, and write down 
the degree the North end of the Needle points 
to for each; then after meaſuring to each, and 
from G 6 to © 1, I plant my Circumferentor 
at © 1, (tho' if the Bearings of the firſt five 
ſtation- lines are truly taken, there would he 
no need of the ſixth) and firſt viewing back 
to O 6, I write down the degree the South - 
"MY "i 
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of the Needle points to, and then I view. to 
©2, and ſee if the North end of- the Needle 

ints to the ſame degree as was at firſt written 
down, and if it differs, I note it; but if the 
Bearings agree, the Work will be in the follow. 
ing Form. 
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30 line . 34,4 


166... GY fe 0 
708 0600 . 3 


i.e... 


6@ line. 244 
O 


13500414) RS 
582 to 189 1 
670 int. | 


Note, T have ſuppoſed the flower-de-luce in 
the compaſs-box always from me in viewing, 
that, if with a Teleſcope, there might be no 
difference. | | 


Sect. 7. Sbewing how to plot the foregoing 
EO Obſervations. | 


The common Method hath been firſt to 


draw ſeveral parallel lines quite thro' the 
intended Plan, at ſuch diſtance from each 


other as not to exceed the radius of the Pro- 
tractor, which lines were to repreſent ſo many 
magnetick Meridians, each markt with N and 
S, for North and South; the Protractor was a 
ſemi-circle divided into 180 degrees, and firſt 
number'd by tens to 180, and then again to 
360, both the contrary way to the compaſs- 
box; if the Bearing of a ſtation- line was leſs 
than 180 degrees, the center was laid to the 
O, with the diameter parallel to the Meri- 
dians, and the beginning of the numbers to- 
wards N; but if more than 180, the begin- 
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ning was laid towards S; and ſo the Bearing 
. 80 ſtation- line was ſet off at the pre- 

ceding O 7 
Dot "there 3 is another Method much more 
exact and expeditious, which is, by fixing x 
circular Protractor (number'd. alſo contrary to 
the compaſs-box) down on the paper, and ſer. 
ting off the Bearings of all the ſtation lines, 
. tho? never ſo many, at that once fixing it 
down ; then by a parallel Ruler they are "Ty 
readily transferr d to it's proper O, and * this 
means the dry lines drawn from each O for 
the ſucceeding ſtation-line will be more true in 
their Bearings, by being ſet off at once irxing 
the Protractor, - 

But I muſt till add, that he whe will de- 
pend on the Needle in ſurve; ying Land, ſhould 
not take in a large compaſs at one eircuit; 
for altho' he may keep a continued chain of 
work throughout, and: uſe this Method: of 
ſetting off the Bearings of all his lines at 
once fixing down his Protractor, yet he muſt 
not fail cloſing his work in ſmall parcels; 
and then if his errors be many, yet each will 
be but ſmall, provided no error is made in 
the meaſure of the lines, of which there is 
no ſmall danger, tho' great care be uſed; 
becauſe the uncertainty of their Poſitions will 
make their points of meeting uncertain alſo, 


Seck. 
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gect. 8. Sewing bow t6 ſurvey a Field, or other 
piece of pgs with Mr. Siffor's Theodolite 
number d to 360, and having the compaſs-box 
fut on the Inden. plate, and number d the 
ſame, with a Teleſcope, &c. as deſcribed by 
me in the 36th Article of Mr. Lautence's 
Duty of a Steward. r 917,20 22 


Let Fig. L be the Field to be ſurvey d. 
My objects being all ſet up, I wcite.down 
in my field-book 1 © line, leaving ſpace for 
the Angle; then I meaſure wich my Chain 
from © 1 to © 2, and write down the parts of 
my ſtation- lines and the offsets, as in ſurveying 
with a common Theodo lite. 
Being come to © 2, I plant my Theodolite 
exactly over the hole by a plumb-line hanging 
under it's center, and having ſet it horizontal, 
I bring the chief Index to 360 on the Limb, 
and turn the whole to bring 360 in the com- 
paſs-box to the North end of the Needle; 
then I move the Indexes to make the vertical 
hair in the Teleſcope cut the. objects at © 3, 
a, b, and © 3, writing down the degree and 
decimal the chief Index ſhews for each, which 
will be the ſame with the Needle, and as the 
Teleſcope is directed to © 3, I ſcrew faſt the 
Index to the Limb; then taking up my The- 
odolite, I ſend it to © 3, where (after ſetting 
up again the object at © 2, and meaſuring from 
it to a, b, and O3) I plant it exactly over the 
hole, and having ſet it horizontal, I turn the 
| Limb 


N ; 
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Limb till the vertical hair in the Teleſc 
.cuts the object at O 2; then looſening the 
Index- ſcrew, I turn the Indexes till the ſame 
hair cuts the obje& at © 4, and write down the 


degree and decimal ſhewn on the Limb, which 


is the ſame that the South end of the Needle 
now points to; then ſeeing alſo the object at 
© 5, I fix the Index as the hair cuts that ob- 
ject; now meaſuring to © 4, and from © 4 
to © 5, I plant my Theodolite at O 5, and turn 
the Limb about till the hair cuts the object at 
O3; then looſening the Index-ſcrew, I turn 
the Indexes till the hair cuts the objects at O 4, 
c, d, and O 6, writing down the degree and 
decimal ſhewn by the Index for each, which 
will now be the ſame by the North end of the 
Needle; then ſcrewing faſt the Index, I ſend 
my Theodolite to © 6, where (after meaſuring 
to c, d, and © 6) I plant it, and turn the Limb 


about till the hair cuts the object at © 5; then 
looſening the Index-ſcrew, I turn the Indexes 


till the hair cuts the object at © 1, and write 
down the degree and decimal ſhewn on the 


Limb, which is the fame that the South end of 


the Needle now points to; then meaſuring 
to © 1, and beyond in this, as well as the firſt 
and third ſtation-lines, to interſe& the boun- 
ders, finiſhes the work in the Field, which 
may be in the following Form, | 
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Sect. 9. Sbewing - how 4% plot the foregoing 
Obſervations by my Method, as mention'd in 
the' ſaid Article. - FA 


Having paper ready, I pin down a large 
circular Protractor thereon, divided into half 
degrees, and number:d from both ends of the 
diameter at every tenth degree quite round to 
360, the ſame way as the Theodolite, and 


thereby I ſet off all my Angles (tho' never ſo 


many) on both ſides it's diameter at this once 
fixing it down, according to the quantities 


given on the Limb of the Theodolite; and 


they are the more truly ſet off by the Protractor 
being fixt but once for all, and by ſetting them 
off on both ſides the diameter, that I have 
with the center three points to apply my pa- 
rallel Ruler to, for transferring. theſe Angles 
thus ſet aff to the place of every O, to draw 
the ſucceeding ſtation-line. _ | 

The Angles being all ſer off, I make © 1 
where I judge moſt convenient; then I apply 
the inner or outer edge of my paralle] Ruler 
next the light, to the points made for the 


Angle of 1 © line, and moving it parallel to 


have either edge touch © 1, I draw a dry line 
from © 1 for © 2, and at the diſtance of 1041 
links I ſet off therein © 2 ; then I apply either 


edge to the points made for the Angle of 2 0 


line, and moving it parallel to O 2, I draw 
from it a dry line, and ſet off therein O3; 
then I de the like for all the ſtation- lines, = 


1 
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| come round again to © 1, where I began; 

2 and if no error is committed, it will meet in 
n the very point. vs Oe ran) af 

The ftation-lines being plotted, I ſet off the 

by-angles a and 6 from ©2, and c and d from 


e © 5 ; then I plot the offsets from the ſtation- 
f lines, and draw the bounders, as before on the 
: Plain-Table. le 


Sect. 10. Containing @ deſeription of Mr. Sifſon's 
lateft improved Theodohte. 


The three Staves by braſs ferrils at top ſcrew 
into bell-metal joints, that are moveable be- 
tween braſs pillars fixt in a ſtrong braſs plate, 
in which round the center is fixt a ſocket with 
a ball moveable in it, and upon which the four 
ſcrews preſs that ſer the Limb horizontal; 
next above is another ſuch plate, thro' which 
the ſaid ſcrews paſs, and on which round the 
center is fixt a fruſtum of a Cone of bell- 
metal, whoſe axis (being connected with the | 
center of the ball) is always perpendicular to 
the Limb, by means of a conical braſs ferril 
fitted to it, whereon is fixt the Compaſs-Box, 
and on it the Limb, which is a ſtrong bell- 
metal ring, whereon are moveable three braſs 
Indexes, in whoſe plate are fixt four braſs pil- 
lars, that, joining at top, hold the center-pin of 
the bell-metal Double-Sextant, whoſe double 
Index is fixt on the center of the ſame plate; 


within the Double-Sextant is fixt the Spirit- 
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Level, ahd over it the Teleſcope; © See! che 


gure fronting the Title page. 
The Compalſs-Box is graved with: two: din. 
monds for North and South, and with 20 de- 


grees on both ſides of each, that the Needle 


may be ſet to the Variation, and it 5 error _ 


known. 


The Limb has two foward * 2gainſt 
the diamonds in the Box, inſtead of 180 each, 
and is curiouſly divided into whole degrees, 


and number'd to the left hand at every ten to 
twice 180, having three Indexes diſtant 120, 
(with Nonius's diviſions on each for the deci- 


mals of a degree) that are moved by a pinion 
fixt below one of them without moving the 


Limb, and in another is a ſcrew. and ſpring 
under, to fix it to any part. of the Limb: it has 


alſo diviſions number'd for taking the quarter 


Girt in inches of round Timber at the middle 
height, when ſtanding ten feet horizontally 
diſtant from it's center, which at 20 muſt be 


doubled, and at 30 trebled, to which a ſhorter 


Index is uſed, having Nonius's diviſions for the 
decimals of an inch; but an abatement muſt 
be made for the bark, if not taken off. 

The Double-Sextant is divided on one ſide 
from under it's center (When the Spirit- Tube 
and Teleſcope are level) to above 60 degrees 
each way, and number'd at 10, 20, Sc. and 


the double Index (thro' which it is moveable) 


ſhews on the ſame fide the degree and decimal 
of any Altitude or Depreſſion to that extent by 
Nonius s diviſions; on the other ä are divi- 

ſions 


ſions number'd: for taking the uprigin height 
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of Timber, &c. in feet, when diſtant ten feet, 


which at 20 muſt be doubled, and at 30 tre- 


bled; and alſo the quantities for reducing 


| hypot henuſal Lines to horizontal: it is e | 


able by a pinion” fixt- in the double Index. 
The Teleſcope is a little ſhorter than che 


diameter of the Limb, that a fall may not hurt 


it; yet it will magnify as much, and ſhew a 
diſtant object as perfect, as moſt of treble it's 
length; in it's focus are very fine croſs- wires, 
whoſe interſection is in the Plane of the Dou - 
ble-Sextant, and this was a whole Circle, and 
turn'd in a Lathe to a true Plane, and is fixt at 
right angles to the Limb; ſo that whenever the 
Limb is ſet horizontal (which! is readily done by 
making the Spirit-Tube level over two ſcrews, 
and the like over the other two) the Double- 
Sextant and Teleſcope are moveable in a verti- 
cal Plane, and then every Angle taken on the 
Limb (tho the Teleſcope be never ſo much 
elevated or depreſt) will be an Angle in the 
Plane of the Horizon, and this is abſolutely 
neceſſary in plotting a horizontal Plan: ſup- 
poſe an Angle taken on a hill-ſide by a The- 
odolite, having a Teleſcope (moveable at right 
angles to the Limb) depreſt ten degrees both 
in viewing backward and forward, and that the 
Limb is two degrees from the horizontal Plane 
nearer to the hill-ſide, which ſuppoſe much. 


ſteeper, and that theſe two lines (when re- 


duced to the Horizon) is one, or 18000 I fay, 


the Theodolite will 2 it but 1799 187 18”, 
and 


and the next ©, if diſtant ten chains; diſplaced 


above 12 links, and if longer, proportionally 
more: now if the Theodolite: has no Tele- 
ſcope, and an obſervation is alſo made down 
the ſteeper declivity at right angles to theſe 
lines, the $zrveyor (who is not aware of this 
error) may make the Limb deviate more than 


ten degrees towards this declivity, which; if 


juſt ten degrees, then the two lines (that re- 
duced to the Horizon is one, or 180) will be 


made an Angle leſs than 176®: 29/: 33, and 


the next ©, if diſtant ten chains, diſplaced 
above 61 links. See the Calculation. 


As Rad. to Sine 10” . . . = Log. 9.2396702 
R o 


T o the Tang. 1:45 13”"4=Log. 8.48 59890 


Which being doubled (as the Angle is equally 
affected by the back obſervation as the for- 
ward) and ſubtracted from 180 leaves ſome- 
what leſs than 176: 29/: 33”, 125 


As Rad. to Sine 1: 45: 1 33 Log. 8.48 578 56 


So is 1000 links . . . . Log. 3.0000000 


To 30, 6045 links.. . og. 1.48 578 56 
Which being alſo doubled, as being for half 


an iſoſceles Triangle, makes 61, 209 links. 


; gs „ 


= Log. 9.2463 188 
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Sect. 11. Showing bow 10 re ny 
land by the ſaid Tbeodolite. 


Let Fig. L be a Field to be ſurvey d. 
My objects being all ſet upright in the holes 
made for every G, I write down 1 O line, 
leaving ſpace for the Angle; then I meaſure 
with my Chain from OI to © 2, and write 
down the parts of my ſtation- lines and the 
offsets, as in ſurveying with a common The- 
odolit e SH ISP yer a0 _ 
Being come to © 2, I plant my Theodolite 


” 144 
piece | of 

: — . 

#8 n % * 

# 2 


oy 


exactly over the hole by a plumb-line  hang- + 


ing under it's center, and making the Limb 
horizontal, I turn it about to have the Needle 
in the line between the two diamonds, or rather 
to the Variation, which at London is now 154 
Weſt; then by the pinion I turn the Indexes 
till the upright wire-in the Teleſcope cuts the 
object at © 1, and fill up the ſpace left with 
the degree and decimal ſhewn by the chief 
Index on the Limb, v2. 889, 52; but as © 1 
is on the Weſt fide of the Meridian, ſo if I 
had planted my Theodolice at © 1, then © 2 
would have been the very ſame on the Eaſt 
lide ; therefore I write it 889, 52 Eaſt; now 
by the pinion I turn the Indexes to make the 


lame wire cut the objects at a, &, and © 3, 


writing down the degree and decimal the ſame 
Index ſhews for each, and adjoining on which 
tide of the Meridian each is, and as it cuts that 
at O3, I ſcrew faſt the Index to the Limb; 

then 
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then taking up my Theodolite, I ſend it to 9 z 


"Where (after meaſuring to a, 6, and & 3) I plant 
it over the hole, and making the Limb hori- 


zontal, I turn it, to have the ſame wire in the 
Teleſcope cut the object at © 2; then I looſen 
the Index, and by the pinion turn it about to 
make the wire cut the object at © 4, and write 
down the degree and decimal ſhewn by 'the 
Index; then ſeeing the object at O5, I turn the 
Index to make the wire cut that alſo, and ſcrew 
it faſt ; now meaſuring to © 4, and from OA to 
Os, I plant my Theodolite at © 5, and make. 


ing the Limb horizontal, I turn it to have the 


wire cut the object at © 3 ; then I looſen the 
Index, and turn it to make the wire cut the 
object at O4, and write down the degree and 
decimal in the ſpace left for it againſt 4 O line, 
but on the contrary ſide of the Meridian; as] 
did for 1 O line; now I turn the Index to 
make the wire cut the objects at c, d, and O 6, 
writing down the degree and decimal for each; 
and as 1t cuts thar at © 6, I ſcrew faſt the Index ; 
now meaſuring toc, d, and © 6, I plant my 
Theodolite at © 6, and making che Limb ho. 
rizontal, I turn it to have the wire cut the ob- 
ject at O 5; then I looſen the Index, and turn 
it to make the wire cut the object at O 1, and 
write down the degree and decimal, adjoining 
on which fide of the Meridian; for the flower 
de- luees on the Limb are at every O placed in 
the Meridian, and the Needle will ſhew the 
North from the South; now meaſuring to O1, 


and beyond in this, as well as the firſt;and third 
ſtation- 


30 


40 
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ſtation-lines, to interſect the — ul ide 
the work in the Field, which T write an in 
the following Form. 


w'- 


hag 


* 4 
ron” 
Gow 


10 line * Eaſt 
218 bra 1 NIN 
ITE: ei 
698 1 JOEY 3 3 
1041 0 2 0 © © + {ITT 
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Sect. 12. Shewing how to plot theſe Obſervations 

Having paper ready, I pin down a large 


circulat Protractor thereon, divided into de. 


grees and halves, and number'd from each end 
of the diameter by tens to 180 at the other, 
the ſame way as my Theodolite, 4nd. thereby 
I ſer off (as before) all my Angles on both ſides 


it's diameter at this once fixing ir down; ſo that 


here allo I have, with the center, three points 
to apply my parallel Ruler to, for transferring 
theſe Angles thus ſet off to their proper O; 
and by writing down Eaſt or Weſt to each 
Angle, I readily know which way to draw the 
ſtation-line from every ©; which, by the for- 
mer method of numbering to 360, requires 


ſome conſideration; becauſe every planting of 


the Theodolite . reverts the foregoing obſerva- 
tion ; therefore the numbering to twice 180 is 


much preferable in this method of plotting a 


Survey; the diameter of the Protractor I ſet 
off alſo, and draw it firſt: for a true Meridian, 
and mark it with N and &, for North and South; 


then I make © 1 where moſt convenient, and 


applying either edge of my parallel Ruler next 
the light to the points made for the Angle of 
1 © line, I move it parallel to have either edge 
touch © 1, and draw a dry line from © 1 — 

| | the 


| Braff — Improved. 63 


the Eaſt fide of the Meridian for © 4, gs 4 
off therein, at the diſtance. of 1041 links; 23 
then I apply either edge to the points for 2 © 
line, and moving it parallel to O2, I draw a 
dry line from it toward the Weſt fide, and ſet 


off therein 564 to © 3; then 1 apply either 


edge to the points for 3 O line, an moving it 


parallel to & 3, I draw a dry line frem it to- 
ward the Eaſt ſide, and ſet off therein 4710 
©4; now I apply either edge to the points for 


4 © line, and moving it parallel to & 4, draw 
a dry line from it toward the Welt fide, and ſet 
off therein 912 to G g no- apply either 


edge to the points for 5 Gline, and meving it 


parallel to © 5, I draw a dry line from it to- 
ward the Weſt fide, and {et off therein 708 to 
© 6; now I apply either edge to the points for 
; © line, and moving it parallel to O 6, I draw 

dry line from it toward the Eaſt fide, and 
fin © 1 therein exactly at the diſtance of 582 
links, if I make no miſtake. 

The ſtation- lines being truly plotted, I fec 


off the by-angles @ and 5 from © 2, and d and d 


from G 5; then I mark the places in each 
ſtation-line from whence an offset was taken, 
and alſo where produced any interſected te 
bounder ; then turning the Scale, and laying 

to each. of the former, I ſet off each offset, 


either perpendicular, or agreeable to the thort 


black line, where one is annexed ; then draw- 
ing the bounders thro the offset points, finiſhes 
the rough Plan; but if the bounders are 


1 curves, 
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curves, I make their ſhape in my geld. book. 
and draw them e SED 


414 
2 wh 189 


Sect. b I . | Showing! how to reduce be 
Eng 4 Tiles fo horizontal.” 


"Ihe Lands to be plotted are hilly, * not 
in any one Plane, the Lines meaſured cannot 
be truly laid down on paper without being 
ee to one Plane, which muſt be the hori- 
zontal, becauſe the Angles are taken in that 
Plane. 

In viewing my objects, if 45 u Wb 
altitude or depreſſion, I either write down the 
degree and decimal ſhewn on the Double- 
Sextant, or the links ſhewn on the back-ſide, 
which laſt ſubtracted from every chain in the 
ſtation-line, leaves the length in the horizontal 
Plane ; but if the degree 1s taken, the follow- 
ing Table will ſhew the quantity. 


A Table of the links to be ſubtrabted out of 
every Chain in hypothenuſal Lines of ſeveral 
degrees altitude, or * on, for Youre 
ben to horizontal. 


{ Degrees Links Degrees Links | Degrees | Links 
408 « « 4 14,07 « + 3 243,074 . 8 
5,73 + 16,26 4 | 24,495 «+ 9 
7,02 . . 4 | 18 195 . . 525,84. . 10 
8111 1 19.95 VO Eu 
11440. . 221,565 ht 28,30 .. 12 


Let 


— 
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Let the firſt ſtation- line in Fig. L really 
meaſure 1 10% links, and the Angle of altitude 
or depreſſion be 199%; looking in the Table 
T find againſt 19,95 is 6 linke, now 6 times 
11 is 66, which ſubtracted from 1107 leaves 
1041, the true length to be laid down in the 
Plan. IH 8 4 4 11 83 
Note, All Surveyors do not agree as to the 
Contents of hilly grounds; for Some ſay, that 
as the Tenants have the produce of the whole 
Superficies, the quantity ought to be accotding 
to the ſuperficial Content, altho the horizontal 
only is to be plotted: but Others, with more 
juſtice, argue, that ſince all vegetables grow 
upright, as much would grow on the hori- 
zontal Plane, if thoſe hilly grounds were level, 
as there do on thoſe convex Superficies; there- 
fore all theſe. ſhould be reduced to the hori- 
zontal, and ſo plotted, and the quantities de- 
duced therefrom; for by the former the ridges 
and furrows in plowing make more land, 
which not being allowed, it muſt 'be more juſt 
to reckon only the horizontal Quantities. 
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Shewing how to ſurvey and plot ſeveral 
th pieces f land lying together, - AS 4 
Farm, Manor, &c. by obſervations 
© taken with the Theodolite before 


deſeribed. 


Sect. 1. That the Methods propoſed by former 
Writers baue not anſwer'd in large Surveys. 


Hing already mention'd ſeveral Methods 
a of meaſuring and plotting a ſingle Field, 
I ſhould now proceed to ſhew thoſe commonly 
treated of and uſed in the plotting many par- 
cels together, as a Farm, Manor, &c. but as 
none have anſwer d in the Practice, in large | 
Surveys, I think the Reader would be little 
advantaged by their truth in Theory, 
Believing it ſo in all publiſher on Surveying 
before that in the quarto Edition of Mr. Ea- 
ward Laurence's Duty of a Steward, the 36th 
Article, which treats of Surveying, was com- 
fed by me, and has my name inſerted; and 
fo was the Table of Timber-Meaſure ; both 
which I might here reprint: but as Mr. 15 
has 
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has ſince ſupplied the latter, by a tit cireulai 
| Inſtrument (of Whoſe Uſes, Ind the Sliding- 

Rule's, I have written a ſhall Treatiſe, which 
he will ſoon print and publiſh Yard: thade ſome 
alterations as to the former in his Theodolite; 
hall now only ſhew more fully my Method 
of ſurveying and plotting many el lying 
together, and the great improvement made 
therein, by Mr. Sz ſon's new e and 
Scale of equal parts. . 


dect. 2. Shewing how fo 5 a parcels 
lying together, as a Farm, Manor, &e. 


Let Fig. N be part of an incloſed Manor to 
be ſurvey d, and plotted. 

Firſt, I walk ban the land, either juſt 
within or without, ſetting up objects for my 
ſeveral Stations (as I go on) fo, that the next 
following may be ſeen at each, and ſometimes 
the next two, whereby a planting of my The- 
odolite is often faved, like as in ſurveying 
Fig. L. 

Having made holes, and ſet objects u right 
in them all round, that at the laſt the fi may 
be ſeen, I now go tound again at one Cloſe 

diſtance within the land, ſetting up mote ob- 
jects to be ſeen from ſeveral of my Stations 
near the outſide bounders. 

As O 10 is ſeen at O, I do not plant 
my Theodolite at either of thoſe objects in the 
South-weſt Cloſe ; -for viewing the one from 
© 9, and the other from © 10, that Cloſe may 
be 
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and ſo will the place of all che objects ſet up 


* 5 


one Cloſe diſtance within the land. 
..; Theſe objects, as well as the former, being 
all ſet upright in the holes made at each, tho 
I always obſerve the ſtick near the ground, if 
J can, I now plant my Theodolite at © 1 di- 
rectly over the hole, by the plumb-line, hang- 
ing under it's center; and making the Limb 
horizontal, which I do at every ©, I turn it 
to have the Needle point to the Variation ; 
then by the pinion I turn the Indexes till the 
upright wire in the Teleſcope cuts exactly in 
the midſt the object at G 58; now I write 
down laſt © line, with the degree and decimal 
ſhewn by the chief Index, viz. 52,93 Weſt, 
. becauſe when my Theodolite ſhall be planted 
at © 58, then © 1 will be ſo much on the 
Weſt fide of the Meridian ; then I turn the 
Indexes to make the ſame wire cut exactly the 
object at © 2, and ſcrewing faſt the Index, I 1 
write down 1 © line .. 869, 27 Weſt under 
the former; now taking up my Theodolite, I 
ſend it to © 2, and ſer up again the object at 
© 1 by a plumb-line as before, and meaſure 
from it with my Chain to ©.2, writing down 
my offsets as I go on, like as in meaſuring 
Fig. L. | 57 13 
If in viewing from © 1, I could not ſee the 
object- ſtick at © 2 near the ground, and com- 
ing to it find the object alter d, I make a new 
hole directly under it, and ſtop up the old one, 


and plant my Theodolite exactly over this w 
75 | hole, 


hole, and m 5 Limb eee. 1 turn 
it to have the wire cut exactly the object at 
© 1; now looſening the — turn it to 
have the wire cut firſt the object a Cloſe 
diſtance within the land, and then the object 


at O3, ſcrewing faſt the Index, and writing 


down the degree and decimal for each; now 


I meaſure on to © 3, and leave the meaſuring 


to my by- objects, till after I have plotted my 
circuit ſtation- lines; and thus I proceed from 


each © on to the next, till I have view'd all my 


objects, and meaſured all my circuit ſtation- 
lines, which I firſt lay down in my Plan, to 
ſe how they will cloſe, and if the laſt meets 
in 1 O point, or very near, it proves them plotted. 
very near truth ; then I plot the offsets, and 
thro' them draw the outſide bounders, with 
the croſſing into each Cloſe, if within the 
land, or the abutting to the bounder, if with- 


out the land, then 1 draw dry lines from the 


proper Stations, for the by- objects view'd a 
Cloſe diſtance within the land. 

As by this method I often take in a circuit 
of a large compaſs, and have many Stations, 
with many by- objects within it, I ſometimes 
(after having plotted the out-bounders, and dry 
os for the by objects) take a ſketch of them 
into the fields — me; for by it I can have a 
better Idea of my work within, and draw a 
repreſentation of every new line I meaſure, till 


I have meaſured every particular line. 


In meaſurin gw my circuit, I never truſt 


to the truth of any * without being able to 
prove 


%# a | 
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prove it, by meaſuring every line, and finding p 
all the parts equal to the whole; and hereby I Th 
plot the whole, and every particular, as truly and 
in it's due Poſition, as if but one Cloſe; for 1 at e 
meaſure and plot' every particular, and prove and 
the truth of each, by their filling up the whole. ſha 
If my firſt circuit ſhould take in but part of wir 
the land lying together, I could proceed in deg 
making a new circuit from any of the Stations; cutt 
for if the land in Fig. N was as long again ofte 
Weſt as appears, and the ſecond object in the circ 
South-weſt Cloſe was a fit © for beginning the 
my next circuit, I ſhould plant my Theodolite two 
there, and put the chief Index to the fame extr 
degree and decimal it was at, when viewing line: 
that object from © 10, and make the wire in WM 2 C 
the Teleſcope cut the object at © 10; then 1 inch 
may proceed, as in the former circuit, round to erro 
meet O 25; and alſo another circuit more in a; 
North may come to meet © 35; and at every | erro 
SO the Needle (if true) will point to the Varia- cout 
tion. | 2 I 
If T had a Survey to make of many thou- the. 
ſand Acres lying together, my firſt circuit ſeem 
would take in a great part in the main body ſhou 
of it, and T ſhould leave for freſh circuits fuch of fe 
parts as branch out from it; but if a Road or expe 
Lane ran thro' it, in which the ſtation- lines circu 
need none be ſhort, my firſt circuit would be meet 
i in it; and if otherwiſe, I ſhould include the farth 
* Lane within a larger circuit, and afterwards | than 


plot the Lane by ſtation- lines meaſured in it, 
and offsets made to the hedges on both * 
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If ſuch care is taken to have he's objects and 
| Theodolite at every O exactly over the hole, 
and the wire in the Teleſcope to cut the object 
at each, it may be expected, that coming round, 
and planting my Theodolite at © 58, the Index 
ſhall (on turning the Teleſcope to make the 
wire cut the object at O 1) ſhew the fame 
degree and decimal as when planted at O r 
cutting O 58 ; and that it will do fo, I have 
often experienced; and I ſhould not fear in a 
circuit of ten Miles and 200 Stations, but that 
the Index at the laſt © would be nearer than 
two decimals ; and then that which is more 
extraordinary, I could plot theſe 200 ſtation- 
lines ſo truly, as to cloſe much nearer than half 
2 Chain, tho that be in my Plan but = of an 
inch ; and thus I could be ſure of detecting an 
error of one Chain at firſt plotting the circuit 
in any one of the ſtation- lines; for that is the 
error we are moſt liable to, by forgetting to 
count the laſt arrow, » 

This ſome years ago (when I was writing 
the Article before-mention'd, for mou 
ſeem'd ſo to Mr. Sr/on, that he thought 
ſhould nar aſſert the doing it ſo near in a circuit 
of four Miles, till I had convinced him by an 
experiment thrice perform'd ; for I made a 
circuit anſwering to near 3+ Miles twice to 
meet in the ſame fine point-hole, and that 
fartheſt off from meeting was viſibly nearer 
than anſwer'd to two yards on che land. 
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* Sect. z Fan how Fo 2 a lunge circuit 


Having paper large enough, by paſting two 
or more ſheets of large paper together, I firſt 
draw a dry line croſs it for a true Meridian, 


marking it with N and 8; then I pin down a 


large circular Protractor, with it's diameter 
exactly over this line, and making the center- 
point therein, I ſet off all the Angles, as well 
thoſe of the by objects as the ſtation-lines, at 
this once fixing on both ſides the diameter, 
whereby I have with the center three points 
td apply my parallel Ruler to, for transferring 


each to it's proper O; as Seed. 9. and 12. of 


Chap. III. 
I have two long parallel. Rules, which 


open the one to the right, and the other to 


the left; and as there are none made ſo true, 
but, in many ſhiftings, will vary ſome little 
from a true parallelifin, I take care to know 
in what manner each is liable, .and allow for 
it; and hereby is prevented that continued 
increaſe of errors, which all Surveyors have 
ever heretofore been liable to, in ſetting: off 
their Angles by laying their Protractor down 
on every new-drawn ſtation- line to ſer off the 
ſucceeding ; ſo that ſuppoſing forty ſtations, 
they had thirty-nine times laying down their 
Protractor, and what errors that might pro- 
duce, may be conceived by allowing a ſmall 
error the ſame way in every one, and taking 


for an n Example a regular Polygon. 
Now W 
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Now let it be required to plot a regular Poly- 


gon of forty Sides of 700 links each, by ſetting 


off the Angle at each corner, v2. 1719, and 


allow an error of 3“ made the ſame way in each 
Angle, by laying down the Protractor, ſetting 
off the Angle, and drawing each Line; now 
by the continued increaſe of this ſmall error 
of 3 Minutes 39 times, the end of the fortieth 
Side will be varied from cloſing above five 
Chains; whereas by my Method, I can plot 


ſuch a Polygon to cloſe almoſt in the very 


oint. 


thod of plotting Surveys, far excelling in ex- 
actneſs all other; which I ſtill believe no One 
ever practiſed beforè me from Angles taken 
on the Limb of the Theodolite; and what put 
me upon trying it, was, my having in the year 
1724. taken a circuit near the bounder of a 
Noble Lord's Park I then ſurvey'd, in which 
the ſum of my ſtation- lines was near five Miles, 
and upon trial to plot theſe in the common 
Method by a half- circle Protractor of four 
Inches radius, I found them to vary much 
from cloſing ; then I began again, and plotted 
them backwards, and found them to vary the 
other way as much, which gave me reaſon to 
conclude, that the Lines were truly meaſured 
on the land, as well as the Angles, which I had 
proved by the ſum, and examined by the Bear- 
ings, which I had alſo taken by the Needle; 
Wherefore plodding how to lay down theſe 
lines trueſt, and having a parallel Ruler with 

me, 


This therefore I have called my new Me- 
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me, for reducing e ee figures each to one 
Triangle, gave me the opportunity of trying 
this Method, which W to anſwer, I have 
Practiſed ever ſince. 
I need not ſhew how to plot We Cloſe FR 
Fi g. N to any One, who Dae with knowledge 
read all the former Methods of plotting a ſingle 
Field; for if he conſiders the prick- lines to be 
the meafured Lines, he may ſoon ſee, that when 
the circuit ſtation-lines, and the others (whoſe 
Angles were taken at thoſe Stations) are plot- 
ted, the reſt are eaſily had therefrom, by the 
method of interſection, if a meaſured Line be 
added acroſs ſome of the Cloſes, and it be poſſi- 
ble to ſee on the land the length of each line 
in the Scheme, like as in plotting a Field mea- 
fured by the Chain only; but if the land is 
hilly, that che lengths of ſeveral can't be ſeen, 
then I plant my Theodolite at one of the ob- 
jects a Cloſe diſtance within the land, and ſo 
go over acroſs by new ſtation- lines near the 
bounders of the inner Cloſes, which I may do 
here alſo, and begin at the by. object ſeen from 
O 13, and go on acroſs as number'd to view 
again one of them taken at © 48; then I may 
plant my 'Theodolite at the by- object in the 
Lane taken at © 4, and ſo make on therein as 
number'd to view again that ſeen from O 62 ; 
when theſe are done, I may plant nay Theodo- 
lite at the by- Object taken at © 33 within one 
of the Cloſes near to the narrow Lane ſide, 
and ſo make on thereby as number d to view 


again that ſeen from © 03; ; now as the * 
| 0 
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of theſe are taken after the others are plotted; - 
the Protractor muſt be pinn d down once more 
for theſe alſo; when theſe are plotted with. 
the Lines to the by- objects view d from them, 
it is likely the reſt may be done by interſection; 
but if they can't, I make more Stations, till the 
reſidue can. | 

The black curve lines are for the bounders- 
of the ſeveral Cloſes ( which commonly are 
the ditches on the outſide of the hedges) to 
every bend of which I take offsets from the 0 
meaſured lines, like as in meaſuring Fig. L; Wl 
but I have not ſhewn them in Fig. N, becauſe In 
all can't be ſhewn that muſt be taken: where I || 
a ſmall Brook is the bounder, I take the middle; W | | 
but if a River, I take to the fide, and if within = | if 
my Survey, I ſhew it's true breadth. 1 
Some may think, I ought to have ſhewn an | 
Example of a real Survey, or to have given 4 | 


numbers like my field-book for plotting this; 
but having been ſo full in one Field, I think it J 
needleſs : however, I have mention'd Numbers 14 
having no error, in a regular Polygon of fotty 
Sides, whole chains each, and whole degrees . i 
at each Angle, both which may be ſet off the v8 | 
truer by having no odd parts, which ſuch may. + Wil 
firſt try with; and each Angle of any other | 
regular Polygon is had by dividing 360 by the | | 
number of Sides, for that quotient is the ſup- 11] 
plement of each to 180. 14 
If in hilly land I would continue any Line 
longer than the place I could at firſt fee to, 1 
place an object between exactly in the Line, 
1 Wi! 
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as I did thoſe at m and g in Fig. F; and then! 
can continue it as far on farther as I can ſee 
the new object ; and if here I ſet up another, 
I may continue it as far on farther as I can ſee 
the firſt object ſeen to; and thus a Line may be 
continued quite over a hill. 


Sea. 4. Containing a 3 of Mr. Siſſon's 
new Protractor, and Scale of equal parts, 
as I communicated it to the Royal Society in 
May 1736. | | 


Mr. Siſon has lately invented and made a 
new Protractor for drawing the ſtation-lines 
of a Survey, whoſe Angles have been taken by 
his Theodolite, and alſo a new Scale of equal 
parts for the ſetting off their lengths, and both 
with more truth and accuracy than had hither- 
to been poſſible by other Inſtruments. 

The Protractor is a braſs circular plate of 
18 inches diameter, whoſe limb is divided 
into half degrees by the ſame method as that 
of his Theodolite is into whole degrees, and 


it is in the ſame manner number'd by tens to 


twice 180; theſe half degrees are applied to 
an Index-plate with a double ſet of Nontus's 
diviſions, the one for every half decimal of a 


degree equal to three minutes, and the other 


for every thirtieth of a degree equal to two 
minutes, and to which any part of the limb 
may be brought, by turning the circular plate 
round the fixt center-pin upon which it 1s 
moveable. 

The 


Prutitu / lg Tub obe! 7. a 


The outward edge of the Index-plate_ is 
parallel to a tangent touching the circular limb 
in the point where the Index ſhews the divi- 
ſion ; to this outward edge is applied a Ruler 
in form of a T, like thoſe uſed on common 
drawing-boards, the upper part of this T is of 
braſs, and the lower of ſteel, by the fide of 
which laſt the ſtation-lines are drawn on the 


Plan, a ſquare foot of paper being for that 


purpoſe firſt properly fixt on the middle of 


the circular plate, and when any line extends 


beyond the limits of that ſquare foot, that 
paper may be taken off, and fixt on again 
with another cloſely adjoining to it, in ſuch. a 
manner as that half a foor only of each. ſhall 
be ſeen, whereby the Plan is with the greateſt 
exactneſs carried on into the next ſquate foot; 
and thus it may with the ſame accuracy. be 
extended to any ſize, by the perpetual adding 
ſquare feet of paper, lo Tong as ſhall be need- 
ful, without paſting together; for being all cut 
exactly to the ſame ſize, they will, when pro- 
perly laid down on a plane, exactly touch and 
adjoin each other. 

The new Scale of equal parts may be made 
to any proportion; that here ſhewn contains 
two Scales, the one of 3 chains, and the other 
of 4 chains to an inch, as being what are moſt 
frequently uſed; each of theſe Scales is curi- 
ouſly divided to every 10 links or tenths of a 
chain, which are again ſubdivided by an Index 
with Nonius's diviſions into ſingle links ; and 
this Index carries the protracting-pin ſetting 


off 
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off the lengths of the ſeveral ſtation- lines on 
the Plan, in the manner of a beam- compaſs: 
and by this Index the intermediate diviſions 
are ſo well eſtimated, that One may be aſſured 
of noterring a ſingle link in the ſetting off any 
diſtance within the extent of the 73, ee 
which link in the leſſer Scale is but the 400th 
part of an inch, and the extent is 48 chains; 
by the means of theſe Inſtruments the Angles 
and Lengths of the ſtation-lines of a Sur ve 
may be laid down on paper with as muc 
exactneſs as they can be- meaſured on the land 
with the beſt ſurveying Theodolite and Chain; 
and hereby not only the Surveys of Eſtates, 
bur alſo of Countries, may be plotted with 
greater truth and accuracy than was ever here- 
tofore Ppoflible. 


Sect. 5. Shewing how to lot a large Circuit by 
This new Protractor and Scale. 


Firſt, I fix down a ſquare foot of paper on 


the circular plate, and write N next the fide 
for the North; now I bring the degree and 
decimal, either on the Eaſt or Weſt fide of the 
Meridian to the Index, according to what I 
wrote againſt 1 © line, and ſcrew it faſt ; then by 
the fide of the T Ruler I draw a dry line where 
I think beſt, and ſet off therein by the new 


Scale the length of the firſt ſtation-line, making 


a ſmall black-lead circle round each © point, 


. 
7 


as before directed; now unſcrewing the Index, 


I bring the degree and decimal of 2 © line s 
| | the 
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the Index, and ſcrew it faſt; then by the T 
I draw a dry line from © 2, and ſet off therein 
at it's juſt diſtance by the new Scale © 3; now 
unſcrewing the Index, I bring the degree and 
decimal of 3 O line to it, and ſcrew it faſt; 


then by the T I draw a dry line from © 3, and 
ſet off therein © 4; and thus I proceed on (if 


the foot of paper will hold it) till I come 
round to © 1, *always drawing the dry line 
from each © towards the right at the top of 
the T, whereby each line is the more truly 
drawn from each © point. 

When one foot of paper will not contain 
the whole, and I find the ſtation-line will run 
off the paper, I looſen and take up the paper 
then doubling it, and another foot, each exactly 


croſs the middle, J fax them din together as 


one foot; and ſo the ſtation-line is ſet off at it's 
juſt diſtance, as if on the ſame piece of paper; 
and thus the whole circuit, or other circuits 
adjoining, may be. continued on as many ſquare 
feet of paper as I need. 


The circuit ſtation- lines being plotted, and 


meeting exactly in 1 O point, I bring the de- 
gree and decimal for each by- object ſucceſſively 
to the Index, and draw dry lines from the 
proper © for each; and after meaſuring their 
lengths on the land, I ſet off them alſo by the 


new Scale; and alſo the lines to be plotted by 


interſettic : : indeed the former Scale is moſt 
ready for plotting the offsets from all the ſta- 
tion and other meaſured lines. 


M 2 Sect, 
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Sect. 6. Of meaſuring in Common. Fields. 


When ſingle Lands in Common Field are 
Fe] it is uſual to meaſure the length 
down the ridge, and to take the breadth at the 
two ends, and about the middle, adding the 

three breadths together, and taking a third of 
the ſum for the mean breadth : but this is 
not a true method; unleſs the middle be a 
mean between the two ends; for ſome are 
broadeſt in the middle, and others are the 
narroweſt, ſo that no certain Rule can be 
given; wherefore the Practical Surveyor muſt 
uſe difcretion, and meafure the breadth oftner, 
where he ſees occaſion ; but not to take it too 
near the ends, becauſe the turning of the 
Plough generally alters the breadth there, from 
what it is at a little diſtance. 

The ſeveral Furlongs or Shoots in Common 
Fields I plot as the Incloſures in Fig. N, by 
ſetting up objects near the bounders of each, 
and taking the Angles by the Theodolite 3 
the whole Field. or Fields, as before directed; 
in meaſuring the ſtation-lines, and there, 1 
write down my paſſing out of one Man's land 
into another's, at ſuch a number of links as it 
bappens; | but in. many Common Fields, 
where there are many Frecholders, and Te- 
nants, all having ſmall parcels, it is very 
tedious work, and if not plorted by a large 
Scale, it will be unintelligible ; if one Gentle- 
man's land only 1s plotted, the names * the 

ree- 
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Freeholders on each gide of eyery parcel muſt 


be written down in the Plan; but in this laſt 
caſe, it is more common to meaſure the Lands, 
and to make a Terrier of them, denoting their 
length, mean breadth, and quantity, with the 
names of the perſons adjoining on each fide, 
and ſo to make no Tan of chem. 


ect. 7. of dividing Lands | 


Having in Chap. I. Sed?. 4. ſbewn Nos I 
reduce any multangular Figure to one Trape- 
zium, and caſt up the Content, which under- 
ſtood, there can be no difficulty in dividing any 
plotted parcel in any manner commonly re- 
quired; for knowing the quantity of the whole, 
I firſt divide it by gueſs in the manner required, 
and caſt up the quantity, and what it differs, 
I add to or take from it; which m very 
eaſy, needs no. Example. 


ect 8. Of changing $ ratute- Meafure into 
220 Ie: & e contra. 


It is cuſtomary in ſome parts: of England, 
to have 18, 21, Ge. feet to a pole, and 160 
ſuch poles to an Acre; whereas by the Statute 
16+ feet make a pole. 

Now to change one Meaſure into the other, 
the proportion is, as the ſquare of one is to the 
quare of the other, ſo are the Areas in an 
inverſe ratio. 


If a parcel of land meaſures by the Ratute- 


pole 


DDr 
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"1 pole 144 Acres, the ſame by a pole of 18 feet ft 
will meaſure but 12 1; for that is as the ſquare per 
" of 33 to the ſquare of 36 (the half feet of each ine 
| pole) by the inverſe Rule. tos 02 Bis: fair 
bu | diffe 
p | Seat. 9. Of reducing Plans. — 
5 The moſt common way to reduce a Plan. 2, b 
jp is to draw it full of ſquares with a black-leag | 

1 pencil, and then to draw the like number on 

"| the paper for the lefler Plan, but ſmaller in 

bl proportion as the Map is to be leſs ; then every | -” 
" particular in the greater may be drawn in' the cleat 
q leſs by ſight; but the beſt way is to uſe an WW Tg 
i Inſtrument called a Parallelogram, compoſed ther 
1 of five bars and two ſupporters joined together ; ] mc 
i which (by ſliders moveable to diviſions num- | of tl 
. ber'd alike on three of the bars) is ſet to any |} fide 
1 e between equality, and 1 to 10 inthe | trace 
i cale, or 1 to 100 in the Area, See the Fig. blacl 
1 fronting the Title page. inge 
i Mr. Siſon has made many of theſe in braſs, Pape 
„ for copying and reducing ſmall Prints; but then 
1 they are alſo well adapted for copying or re- WU 795 
A ducing the Plans drawn on his new Protractor, dark 
bh or on his improved Plain-Table; for they | buſh 
4% being each but one ſquare foot, may hereby be 4 fei 
1 copied in any fize between that and +; of a from 
4 foot. . from 
1 The ſliders being put to the ſame reducing Rive 
5 number on the three bars, and the ſupporter c greet 
W: fixt moveable in a center hole made thro' a wher 
4 ſmooth Table, and the Plan and fair paper hedg 
5 fixt 
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firt oppoſite to each other touching the ſup- 


porter c, if with the Tracer 6, I trace all the 
nes in the Plan, the Pencil 4 will mark the 


fair paper with lines of the ſame ſhapes, only 


different in length, as the number (the ſliders 
touch) differs from 10; for if the ſliders touch 
5, each line will be but half, and if they touch 
2, but + of thoſe in the Plan. 


Sect. 10. Of making the fair Plaus 


_ Firſt, I lay the fair paper or vellum on a 
clean ſmooth Table, then I lay over it the 
rough Plan, and place two or more weights 
thereon, to keep it from altering, which weighis 
I move (as I-pleafe) to lay next under any part 
of the rough Plan blackt paper with the black 
fide downwards; then with my pointrel I 
trace the bounders of every parcel, whilſt the 
blackt paper is under each, and that impart- 
ing of it's black, there will be ſeen on the fair 
paper or vellum all the lines traced, which I 
then draw with fine ink-lines, or make hedge. 
rows thereon, where there are hedges, and 
darken one fide, and draw a ſhadow of each 
buſh and tree with Indian ink, which at 3 or 
4 feet diſtance look as if they were printed 
from a copper- plate; which method I had 
from Mr. Edward Laurence: indeed I colour 


Rivers, Brooks, and Ponds with a light blue 


green, and in Common Fields or Meadows, 
where the Lands are ſeparated with neither 

hedge nor ditch, 1 make thoſe bounders with 
prick 


2 U nr 4 © 2 . 
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ptick- lines, and colour the inſide ae wick a 
light yellow, and” ſoften it off to be > loſt by 
degrees to the white of the vellum: * ©: 
1 generally draw my fair Plans on . beſt 
vellum, that being handfomer, and much more 
durable, than paper paſted on cloth; whatever 
Buildings. are on the Eſtate, I lay down the 
ground- plat only, and that I often colour like 
brick : indeed 5 Churches and Windmills 1 
draw in perſpective, and: ſhade them with 
Indian ink. 

As to my references, I Write the name of 
each parcel within it, and put dovyn the quan- 
tiry under the name, and a letter or other cha- 
racter of a beautiful red over it, to ſignify the 
Tenant; then by the name of each parcel being 
written in a book under the ſame” letter of 
character as in the Plan, with the quantity in 
it's proper column, whether arable, meadow, 
or paſture, commonable, or encloſed, and the 
viſibility of the red letter, both-the Phtt' and 
book, are eaſily compared together; and there 
is one conveniency in this method, that upon 
any alteration, it is eaſy to eraſe one letter, and 
put in another; whereas thoſe who repreſent 
the different Farms by different colourings, 
thereby ma ke them A oy _ alters 
tion. 8, 
Somewhere near the top, 1 write the Tile 
of the Survey, and near the bottom the Scale 
by which it is plotted, and juſt over, what 
Scale it is; then in any void place I draw the 
Compaſs neatly ſoften d with Indian ink, * 

place 
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place a flower-de-luce for the N orth, and let- 
ters for the other cardinal. points; IL alſo write. 
on the outſide of the bounders the names of the. 
perſons having the lands adjoining, '-whereby 
my fair Plans are generally pretty full of 
writing, which I do as neat as I can, 

When I ſurvey the whole of a large Eſtate, 
I draw them on ſeveral ſkins of vellum, and 
by paſting them to guards, have them bound 
up in folio; and then each Map may lie open, 
and no part drawn into the binding; and 
hereby a large Survey is moſt ready for uſe 
and carriage, 1s kept cleaneſt, and will be moſt 
durable. | | Te! 


A Specimen of my fair Plans may be ſeen 


at Mr. S:ffon's, and alſo at Richards Coſfee- 
Houſe, Temple-Bar. | 
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Containing general directions LE the 
Surwey of a County, and taking the 


Plan of a City, Town, e. 8 
Sect. 1. Shewing how to flirticy ah pla the 
Read, thro' the County. 


GUpp poſing I have two of Mr. Siferts Theo- 
dolites, a Meaſuring-Wheel that ſhews 


miles, furlongs, chains, and links, a Chain, 


the new Protractor and Scale, and four Aſſiſt- 
ants; I begin at ſome place near the middle, 
where ſeveral Roads meet, and from whence 
I can proceed ſeveral ways to the outſide of 
the County, and here I plant my beſt Theo- 
dolite (if there be any — and after 
bringing the degree of Variation to the Needle, 
I turn the Indexes and Teleſcope to view ob- 


jects ſet up in all the ways as far as I can fee, 


and write down the degree and decimal for 
each, and mark each place to find it again, 
when wanted; now taking up my Theodolite, 
I ſend it to © 2, and ſetting up an object at 
O, I meaſure from it with the Wheel to 
© 2y taking heed to put the hands to the 

begin- 
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beginning of the numbers; whilſt the axis is 
even with, or over © 1; then if puſht on to 
© 2, or any place between, the hands will 
ſhew the chains and links, nearer truth than 
can be plotted by ſo ſmall a Scale as muſt be 
uſed. „ tal oh 
Whenever any thing at a diſtance worthy 
of remark happens to be ſeen at ſome place 


in any ſtation- line, that I can't fee at any two 


Stations, I write down the numbers the hands 
of the Wheel point to, when over that place; 
then puſhing the Wheel a little on, I plant my 
other Theodolitethere, and make the Index agree 
to my Station-Theodolite (which I never alter, 
but at my Stations) then turning the Limb to 
have the upright wire in the Teleſcope cut the 
object at either ©, I turn the Index that the 
ſame wire may cut the thing to be remarkt, and 
write down it's true Bearing; then I meaſure 


on to the next O, if nothing elſe of the like 


nature happens on either ſide of the Road; 
but if there does, the like work muſt be repeat- 
ed; and as this will often happen, I muſt have 
a Man ready with an object about the middle 
towards the next ©, that as ſoon as I have 
view'd that at the ©, I may direct him to ſet 
up his exactly in the ſtation- line, whereby 1 
can keep the line more truly in puſhing on the 
Wheel, and alſo plant the Theodolite in the 
line readily, whereſoever wanted. | 
As two Bearings muſt be taken for every 
diſtant thing, which I ſhew in it's true place, 
ſo every one whoſe Bearing is once taken, 1 
N23: endea- 
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endeavour to find the beſt place 3 king a 


ſecond; I don't only go once, and ſet up my 
objects, and ſo come back again, but I before 
ride it forwards and backwards, that 1 may 
have a full Idea, and know how every thing 
can be beſt perform'd. 
I take the Bearing of every thing needed at 
my Stations, with my. Station - Theodolite, 


where · ever 1 can; for when that is planted at 
any ©, I can take the Bearing of every thing 


within view, before ] fix the Index for the next 
©; and tho' the Angle at the interſection be 
the acuter, I ſtill do ir, becauſe the Bearing is 


the more truly taken, and by the new Pro- 


tractor I can plot it very near truth. 

As I meaſure on in the Road, I note every 
Road and Lane that turns out of it; and 
whether it is on the right hand, or the left, 
and to what plaee it leads; and whether it 
inclines forward, or backward, or is nearly at 
right angles, for which I make marks in my 
book: but if it is a Road that muſt be ſurvey'd, 
I plant my Theodolite, and take the Bearing, 
and meafure to © 1 in it, and mark both 
places to be found again. 

If I paſs over any Bridge, or thro? any 
Ford, I mention it, with the name of the 
River, and from whence it comes, and whi- 
ther it goes ; but if I muſt ſurvey the Raver, 

I plant my Theodolite, and take the Bearing, 


and meaſure to © 1 cds at the fide of it, both 
upwards and downwards, and mark them. 


Where- | 


alſo, 
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Where- ever I begin to aſcend or deſcend, 
arrive to the top or bottom of any hill, I note 
it, with the degree of aſcent* or deſcent, that 
I may. plot the horizontal line. 

I note where: I enter any Town. or Muge, 
and where I go out; whether the houſes ad- 
join, or are diſtant; whether on the right, or 
left, or on both ſides, with it's right name; 
and, if a Market-Town, the Market-day. | 

I note all the Milli I meet with, and 
Churches, with their perſpective form, and all 
Churches, Wind-mills, Great Houſes, c. that 
are remarkable at a diſtance, and can be ſeen 
at two places in the Road, I take their Bearing 
from both.  _ 5117 115 fs 

Thus I proceed for 3 or 4 days, entering 
every thing in a plain manner, and with all 
poſſible caution not to make any miſtake; 
then J plot theſe obſervations, and in the 
mean time my Aſſiſtants may drive down a 
ſhort ſtake in the place of every object left, and 
endeavour to ſet out freſh Stations with them, 
which I can ſoon alter, where needful. 

Having the new Protractor, with a ſquare 
foot of paper fixt on it, markt with N for the 
North ſide, I bring the ſame degree and deci- 
mal to it's Index as I took with my Theodolite 
for 1 O line, and ſcrew it faſt; then making 
© 1 where I judge moſt convenient, I draw by 
the T Ruler a dry line from it, and fer off 
therein by the new Scale © 2, both at it's 
juſt diſtance, and at ten times that diſtance ; 
then looſening the Index, I bring the degree 
— | and 
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and decimal of 2 © line to it, and ſcrew it fit; 


then by the T Ruler I draw a dry line Frome 
each © 2 point, and ſet off in both O3, the 


one it's juſt diſtance, and the other at ten 
times that diſtance ; and thus I go ôn with the 
reſt, till that by the enlarged Scale will go off 


the paper; now I examine by the T Ruler, if 


the two laſt made O points are in the ſame 


line from © 7, and by the Scale if the diſtance 


of one is exactly a. 1 the other; and if other- 
wiſe, I make it o; for increaſing the Scale ten 
times, I ſet off ch diſtance with but error. 


This © being right, I go on from i it as I did 


from O 1, both by the ſmall Scale, and by the 
enlarged, till the line by the laſt will go again 
off the paper; then I do as before nine times; 

after which J looſen the paper, and take it off; ö 
then doubling it, and another foot, exactly 
croſs the middle, I fix them on together a8 
one foot; now I go on as before, the ſame as 


if it was but one piece of paper; ſo that by 


theſe means I plot theſe lines much truer than 
the like for any County ever were, or indeed 
could be. 

I draw alſo dry lines for every diſtant chin 
obſerv'd, and at the interſection place the per- 
ſpective figure of 1 it, whether Church, Wind- 
r... 

I repreſent the Road by a line on both ſides 
of the ſtation-lines, at a ſuitable diſtance with- 
out taking offsets, becauſe the Scale muſt be 
too ſmall to Slow the true breadth; I make 
theſe lines black, where may Road 1 18 bounded 


by 
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by hedges ; but where it is an OPen,, way over 
a Common, &c, I make them prick-lines, an 

write the name. of the Common, &c. and 10 1 
do, if the Road p aſſes thro' a Park, Mood, ox 
Cbaſe, and as ſmall. trees on both 5 
where it is woody... 


—_— cz: 


a Bridg e, I dravy. the ; Gr acroſs, the Road z 
but if — a Bridge, I draw it in part only; 
but if a Bridge, and no Ford, then I draw the 
River only to the outſides of the Road; I write 


the name of the Ford, Bridge, or River, and 


from whence the water comes, and whither i it 
runs, unleſs I am to plat it, and then the Plan 


will ſhew it. 

I write: the quality of the Road, whether 
good or bad; and where hilly, I chew by ha- 
dowing it, and the land on both 5 with 
Indian ink; where any Road or Lane turns 


out, I make: two lines for it with ſuch. inclina- 


tion as I obſerv'd, and write to what place. it 
firſt leads; 1 ſhew. alſo the Towns, V. illages, 


Churches, "Mills, Ge. that I noted in meaſur- 


ing; and thus the Road will be en ng d 


with remarks. 


LY 


gect. 2. Sbewirg dons 70 „ any [Ronen en 
. | Brook in 10 Survey of a County. 


If I have the. Liver or Brook in ſurveying 
the Road, I begin at either © 1, already mea- 
ſured to at the fide of it, where planting my 


Theodolite with che Index to che ſame gr 
an 
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and decimal as taken in the Road, F turn the 
Limb to have the wire cut the object ſet up in 

the Road, where this © was obſerved ; then : 
turn the Indexes to obſerve O 2, and go on 


as before in the Road; but here J need not 


mind ſmall bends, only great ones; at each of 
which objects muſt be ſer up by the River-fide, 

for the © places, till I come to it's riſe one 
way, and it's falling into the Sea, or another 
River, the other way; or elſe to it's entrance 


into the County one way, and it 8 going out L 


the other. 

— Here alſo 1 uſe two Theodolites one for 
the Stations, and the other for obferving be- 
tween ; if the River is broad like the Thames 
near London, it's breadth muſt be determined 
by twice obſerving the ſame chings on the bank 
of the other fide in ſeveral places, like that of 
other remarkable things. 

The manner of meaſuring and plotting be- 
ing the ſame as laſt ſection (except that the 
Chain will be moſtly uſed in meaſuring, and 
that the large bends will often cauſe my ſetting 
up two objects forwards within view, whereby 
I ſhall ſo often ſave planting my Theodolite at 
the firſt of them) I need not repeat it ; only 
that here I ſometimes take offsers to the middle, 
unleſs it's breadth is to be regarded, and then 
J rake them to the fide only. 

I note cvery Bridge, Mill, Sluice, Lock, 
Flood gate, Cut, &c. that J meet with on the 


River, and all Rivers and Brooks coming into 


it ; and if they are to be plotted, I make © 1 
as 


75 
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as far up by the fide of them as I can fee, and 
meaſure to it. 3 Saas ee 

1 note all the Towns and Villages that the 
River funs thto', or paſſes by; and I obſerve 
all the Churches, Wind-mills, &c. that happen 
twice in my view from the River-fide. _ 
When I have plotted this River, and all the 
remarks taken, if it is for the Survey of a 
County, I proceed to meaſure ſome of thoſe 
that run into it; becauſe all thoſe ought to be 
plotted as exactly as this. = 
Note, Narrow Roads and Lanes may be ſur- 
vey'd in the fields by one fide of them, where 
the views may be the longer, and better oppor- 
tunities had for the diſtant remarks. 


Sect. 3. Containing farther directions in the 
Survey of a County. 


Having plotted all the Roads and Lanes, 
Rivers and Brooks needed, and therewith the 
Towns, Villages, Churches, Great Houſes, Wind- 
mills, &c. obſerv'd, I now ſurvey the outſide 
limits of the County, beginning from the laſt 
object in my Survey of one of the Roads or 


Rivers, and proceeding to that of the next 


Road or River; and fo I go on ſucceſſively, till 
I have got quite round the whole County, ob- 
ſerving with my two Theodolites, and mea- 
ſuring with the Wheel or Chain, as ſhall be 
moſt convenient. 

Theſe being plotted alſo, I now ſurvey from 
ſome Road plotted into thoſe parts that have 


O no 
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no remarks in my Plan, and ſo I fill up with 
new remarks all the void places, whereby I 


| culars. 5 1 So z 
_ Laſtly, I take the Latitudes in 3 or 4 places 
of the County, and make a Scale of the Minutes 


ſhall inſert all Parks, Foreſts, Lakes, Villages, 
Great Houſes, Churches, Wind-mills, &c. that 


I did not meet with, nor ſee, in ſurveying the 


Roads, Rivers, and Limits; by planting my 


Theodolite on high Hills or terples, I may 


ſometimes ſhorten my work in theſe parti- 


of Latitude and Longitude round the outer 


edge of my Plan, drawing lines acroſs to ſepa- 
rate every five Minutes, 


Sect. 4. Directions for taking the Plan of a 
| City or Town. | 


The Method of work in this is the ſame 


as ſurveying in a Lane between encloſed lands; 


for the offsets to the Houſes, &c. are taken 


from the ſtation- lines on boch ſides of them, 


and I place them in my book to the right or 


left of the ſtation-line number, as they are, 
when I ſtand on my Chain looking back to 


the © meaſured from. 


Firſt, I ſer up objects in ſight one from an- 
other, -at as great diſtances as I can, thro' all 
the chief Streets, that lead out of one into an- 
other, whereby I encloſe the by-lanes, alleys, 
Sc. lying between them, and I ſet ſome of 
theſe objects againſt the ends of the * 

c. 


of b 


twee 


8 
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Ge. to view down them, when my Theodolite 
is planted at thoſe objects. | 

Theſe objects may generally be hott ones 
of but 2 or 3 feet long; for the ſhorteſt are 
eaſieſt ſet upright ; I make holes for them be- 
tween the Pebbles with a pointed Iron of 6 
or 7 Inches long, and with a hammer both 
drive it in, and looſen it. 

As ſoon as I have meaſured my circuit 
ſtation- lines, I ſend One to take up theſe ob- 


jets, and drive down a ſhort ſtake at each, to 


find them again, when wanted. 

As the manner of uſing the Theoddlite; 
meaſuring and plotting the ſtation-lines, and 
thoſe thro' the by-lanes, alleys, Sc. and the 
offsets, are as before, I need not repeat them; 
but may add, that I uſe a larger Scale than in 
ſurveying land, and lay down the Ground- 
Plat of all the Buildings | in their due ſhape and 
ſize, and ſhade them deep with Indian ink; 
and I write. the names of the Streets, Lanes, 
and Alleys in them. 

The Title, Scale, Compaſs, and References 
may be like the printed Maps of the City of 
London; therefore a Scale of yards or feet may 
be beſt in the fair Plan. 


Sect. 5. Shewing how to find 2 Meridian-Line 
by obſerving the Sun, or a fixt Star with the 
Teleſcope on the Theodolite. 5 


Suppoſing the time not far off from the 
Summer Solſtice, I chuſe a clear day, when 
O 2 ' the 


Noon, and provide a ſmoked or colour'd glaſs 


the Sun's body, 


; 
I 
| 
| 
| 
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the Sun appears bright, about four hours before 


Y be my eye from damage; then planting 
ene and adjuſting it to move very 
oily orizontal, I move the Index horizon- 


tally, and the Double-Sextant vertically, till the 


croſs- wires in the Teleſcope both touch the 


edge of the Sun's body; then I write down the 


degree and decimal ſhewn by the Index on 


the Teleſcope remain unmoved, till near the 
fame diſtance from Noon in the afternoon, 
when I move the Index horizontally, without 
altering the Elevation of the Teleſcope, till 
the croſs-wires again both touch the edge of 

155 on the other Ge of the 
vertical wire; then I write down the degree 
and decimal now ſhewn by the Index, which 
ſuppoſe 173 62, and ſubtracting 229, 42, the 
morning obſeryation therefram, the remainder 


is 1519, 2; the half of which 75, 6 dend 


added to 229, 42 makes 98, oz; to which I 

bring the Index on the Limb, then the Tele- 
ſcope will be in the Meridian, and if depreſt, 
will direct where a mark may be fixt, which 
from another fixt under the center of che The- 
odolite will be a Meridian-Line; but if the 
Sun is near the Equinox, there will be ſome 
material variation; and if near the other Tro- 


pick, or Winter Solſtice, his motion will be too 


oblique for a good obſervation; 3 therefore a 
Meridian-Line may then be better found by a 
Star near the Equator, or having North Decli- 


nation; 


the Limb, which ſuppoſe 225, 42 ; now I let 
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nation ; but it had beſt not much exceed 20 
o £ 2 | 


As the method of getting a Meridian-Line 


by abſerving any of the Stars near the Equator, 


is obvious, being like getting it by the Sun, 
except that the Star is to diſappear at the inter- 
ſection of the croſs- wires in the firſt obſerva- 
tion, and in the ſecond juſt appearing from 
behind it, and then if che Index is moved to 
the middle between the two obſervations, the 
Teleſcope will be in the Meridian. 

But if more exactneſs is required than ean 
be eſtimated on the Limb of the Theodolite, 
I take the time between the two obſervations 
by a good pendulum Clock; and then I let the 
Theodolite remain unmoved to the next night, 
with the Teleſcope at the ſame Elevation, 
when I again obſerve the ſame Star diſappear- 
ing at the interſection, from which, counting 
half the ſaid time by the Clock, the Star will 
then be in the Meridian, at which inftant I 
ſet either edge of the upright wire to cut the 
Star; then depreſſing the Teleſcope, by the 
ſame edge I direct where a mark may be fixt, 
that from anather fixt under the center of the 
Theodolite ſhall be a truer Merid:an-Line. 

Note, If a longer Teleſcope was fixt on the 
Theodolite for this purpoſe, the obſervations 

might ſtill be the truer. 
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Sec. 6. . * fo ful the Latitude of the 
P lace by the Theodolite, and by another In- 
ftrument, much truer, made for that purpoſe : 
"Ab a Table of the Pole-Star s greateſt Ari. 
muth in "> Laritudes wy and remarks 

| thereon. 


I plant and truly achuſt my Thendahte as 
before; and knowing the Teleſcope to be truly 
level, when the flower-de-luce on the Double- 
Sextant cuts that on it's Index, and alſo to be 
nearly in the Meridian, J move the Double- 
Sextant vertically, till the lower edge of the 
horizontal wire in the Teleſcope cuts the lower 
edge of the Sun's body; then I write down the 
degree and decimal ſhewn on the Double- 
Sextant ; now I make the upper edge of the 
fame wire to cut the upper edge of the Sun, 
and write down the degree and decimal ; now 
half the difference of theſe two, added to the 
former, is the Sun's Meridian Altitude, which 
leſſen d by his Declination, if North, or in- 
creaſed by it, if South, abating the Refraction, 
is the Co-Latitude of the Place, which ſub- 
tracted from go? gives the Latitude. 

But the moſt exact method of getting the 
Latitude with Mr. Son's Theodolite, is, by 
obſerving two Stars of equal Altitudes in the 
Meridian, the one North, and the other South, 
whoſe Declinations are known; for if the 
Northern Star is. above the Pole, and the 
Southern above the Equator, half the differ- 

ence 
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ence of their Declinations, added to the Decli- 
nation of the latter, gives the Latitude of che 


Place. 
But if the Noche Star i is bla he Pole, 
and the Southern above the Equator ; then 


half the ſum of their diſtances from the Pole, 


added to the Declination of the latter, ſhall be 

the Latitude of the Place. 

But if the Northern Star is: below the Pole, 
and the Southern below the Equator; then 
Half the ſum of their diſtances from the North 

Pole, leſſen d by the Declination of the Southern 
Star, is the Latitude of the Place. 


This laſt method being ſo limited, as not 


to be practiſed but in few Places, and there not 
at all times of the year, I would endeavour by 
experiment to know nearly the Angle of viſion 
that my Teleſcope takes in; then I may make 
a near allowance for the inequality of the Alti- 
tudes of any ſuch two Stars as ſhall happen 
within it's Area of viſion, - whilſt the Teleſcope 
has the ſame Altitude in both parts of * 
Meridian. 

But there is another methad much more 
general, which is, by obſerving two Stars, 


whole Declinations are known, on equal Alti. 


tudes on each ſide of the Meridian, both North 
and South, with the true /dereal time between 


the two obſervations of each Star: but as this 


requires a large Calculation, unleſs Tables be 
had of the Yer/ed-/ines, both natural and arti- 
ficial, of which none yet extant are ſuffi- 


cientiy correct; I hope ere long to ſec a third 
Edi- 
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Edition of Sherwin's Mathematical Tables ; 
when I ſhall oblige the Learned with ſuch as 
are, having them already corrected by me, and 


ſhall give a Solution of this Problem with them 


(after a firſt approach made) at two Statings, 
the reſults of which ſhall prove one another, 
and alſo ſhew ſome other of their Uſes. 


Mr. Siſſon has lately made another fort of 


Inſtrument, with a longer Teleſcope, peculiarly 


adapted for this way of finding the Latitude of 
a Place, which moves more truly horizontal, 


and may alſo be ſet to any Elevation, whereby 


the Teleſcope is moveable wich any certain 


Inclination, and will cut equal Altitudes all 


round, ſo that it will very accurately deter- 
mine a Meridian-Line by the laſt paragraph of 


the former ſection, as well as the 2 of 
the Place by this. 


B 3': 55": 54% leſs than a mean Solar Day of 
24 hours equated time. 

Some may chuſe to have arr and more 
coſtly, Inſtruments, to get the Latitude of the 
Place, by obſerving the Pole-Star's greateſt 
and leaſt Altitudes, and a Meridian-Line by 


the following Table, and ſubjoin ſuch remarks 
as may prevent thoſe Perſons being any longer 
deceived, who take theſe obſervations at dif- 
ferent times of the year, without making any 

due allowance for the alteration cauſed by the 
velocity of the Earth's motion, having a ſenſible 
| a with that of Ligbt. # 


Note, A Day, or 24 hours, in Aerea time 


her greateſt Azimuths ; ; therefore I here print 


* 
2 . LY #5 
4 74 7 
;: 2 
= 1 
- ” * 


A Table being th? greateſf Azimuth ar 
Angle that ile Pole-Star makes with the 
Meridian in the Plane of the Horizon in any 
of theſe Latitudes, on the 22d of Sept. 1737. 
when the diftarite of the Star from the Pole 
wil be 29: 61: 37% See Mr. Flamſteed's 
HFiſtoria Cœleſtis, Vol. III. 
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Note, I have provided another Table of the 


” 


Pole-Star, with ſuch remarks, that I can rea- 
dily find the Time of it's being in the Men 
dian, or making it's greateſt Azimuth, wal 
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the alterations cauſed in both, by the ſwiftneſs 


of the Earth's annual motion at all times 
throughout the year, for the preſent, and many 
ſucceeding years, and in the ſeveral above- 
mention d Latitudes; all which J did intend 
to print herein; but have put it off for the pre- 
ſent, being perſuaded thatan Inſtrument might 
be made, at no very great expence, whereby 
(with theſe materials, and a good pendulum 


Clock) the obſervations of one year would 


certainly determine, whether thoſe of Mr. Flam- 
eed of the Pole. Star were near truth, or not; 


GG I underſtand that None have yer. pretended | 


to correct them by new obſervations: now as 
the ſmall diurnal motion of this Star is fo 
greatly diſturb d by the ſwiftneſs of the Earth's 

annual motion, of which Mr. Flamſteed had 
no' ſuſpicion (tho he obſerv'd the alteration, 
and aſcribed it to it's annual Parallax, and a 
Nutation of the Earth's axis ) it is wonderful 
that he could determine it's Right Aſcenſion 
and Declination ſo near truth as he has done: 
however, to pleaſure ſuch curious Perſons, who 
ſhall be willing to be at the expence of ſuch 
an Inſtrument, Iwill copy out in writing every 
particular here omitted, and perſonally explain 
each wanting it. 

March the 2oth, and Sept. the 22d, the Pole- 
Star will have a juſt Elevation, either above or 
below the Pole, and her greateſt Azimuth true 
in proportion to her juſt diſtance from the Pole; 
but June the 2 1ſt, ſhe will appear 20” too far 
from UK Pole in any poſition, and Dec. the 2 Iſt, 

as 


Das © <4 bc 


ne een neren. 


2. 0 


1 
$9 ue 


as much, too near, ; when her < Azi- 


continue the ſane, for it will flowly leſſen, 


till the Star ſhall be in the Solftitial Colure, at 


_ which time it will be near d leſs, after hic 
ic will again increaſe to what it is at preſent, 
and be at the greateſt i in the Eguinatial Colure, 
when at London it will be 32 5, and is cauſed 
the. Earth's anngal motion having fuch a 
proportion to that of Ligbt, as the Sine of 
20% + bears to the e. and the times will 
liesi alter, for in the year 2 104 it's greateſt 
increaſed Azimuth will be on the och of Sept. 
and that the moſt diminiſht on the 7th 2 March. 
As the Pole is moving on nearer to the Star, 
we el Azimuths will be continually leflen- 
ing; chat for London in a mean rate till 1777 


at 31” T yearly, and the others proportionably; 


but the rate will alſo decreaſe till May 2104, 
at which time the Star will be in the Solfti- 


tial Colure, and neareſt to the Pole, when it's 


diſtance will be but 260: 4% according to Mr. 
Flaniſteed's obſervations; from which by a truer 
calculation the above Azimuths mult Sept. 22. 
17 37 be a little increaſed, that for London by 
6/ 3; but if new obſervatians ſhall determine 
truer, Wage e neee «tk moe to 
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Sewing how) to rake FN 3 Levels 
"of places by Mr. Siſlon's Ne- invented 
Pirii- Level, and how to adjuſt the 
. tho put out of order, to-a true 
Level at at any one Station; and alſo how 
to adjuſt the . ehe eh . 7. wand 
_ ite to 4 true level. 


Seck 1 I. e 4 | Deſerigrion of 1 Mr: \Sifſon's s 


- new. Spirit-Level, as communicated by me to 
© the Royal Society in May OE _ Y the | 


hauen 8 in nnn, 


14 - Staff like his Theodolites, and the Tele- 


im the Plane of the Horizon, or with a certain 
inclination to it, ſo as to cut any object, whoſe 
Elevation above or Depreſſion below that Plane 
does not exceed 12 degrees: this Teleſcope is 
18 inches long, with very fine croſs- wites in 
the focus, whoſe interſection is evidently ſhewn. 
to be in the axis of the Tube; for laying it in 
any manner on it's two dupporters, the _— 

| glaſs 


T A I o e bee Ads on a ben eee d 


is in the ſame manner moveable, either 
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_ glak facing the ſame way, the interſection of 
the wires will conſtantly cut the ſame part of 
the object; and then if the object-glaſs being 
turn'd the contrary way, the Teleſcope is laid 
on the ſame Supporters, whilſt they remain 
unmoved, the ſame interſe@tion will again cut 
an object placed in the fame line with the 
former produced backwards. | 5 
Io this Teleſcope is fixt by two ſmall ſcrews 
the Spirit-Tube, with a ſmall bubble of air 
included; and as this bubble reſts exactly in the 
ſame place, in or near the middle of the Tube, 
whether the object. glaſs be turn'd one way or 
- the other, when laid on the fame Supporters 
reſting unmoved, it is evident that the axis of 
the Teleſcope-Tube, which was before ſhewn 
to be in the interſe&tion of the wires, is alſo in 
this caſe truly level; and hence the former 
aſſertion (that the Teleſcope turn d backwards 
will cut an object placed in the ſame line, as it 
did forwards) appears true alſo; wherefore this 
Inſtrument may be called a ac and »/eful 
Invention, as it is capable hereby of being ad- 
juſted at any one Station, by obſerving one 
ſingle object, which it will determine at the 
fame time to be in a true level; ſo that if by 
alteration of weather, or other wiſe, the Inſtru 
ment ſhall happen to be put from it's level, it 
may be readily reſtored and re- adjuſted at the 
firſt Station; which is an advantage no Inſtru- 
ment (that I know of) has before been capa- 
ble of. 1 
The beſt uſe of two Teleſcopes in the former 
1 VV Inſtru- 


8 
— —— — — 
— —————_ TITRE —— p 
—_— — —— — — — — 
—— A a — - . — AE I — 


* 


110 Practical Surveying Improved. 

Inſtruments was, to know if either of them 
was out of the /eve/ by their diſagreement; 
but if it was not known which of the two was 
in fault, and that was the common caſe, there 


was the ſame trouble to bring either of them 


to it's right poſition, as if there had been but 
one; and it might beſides ſo happen, that both 
Teleſcopes agreeing in the ſame error, a careful 
Surveyor might be thereby deceived ; whereas 
in this all poſſibility of being deceived is re- 
moved, and the obſervations are readily per- 
form'd, which cannot with the fame eaſe be 
done with the two Teleſcopes, becauſe they 
require two different adjuſtments of the air- 
bubble, and conſequently more time than Sur- 
veyors are always willing to beſtow on that 
purpoſe. The true reaſon indeed why ſo many 
Inſtruments have formerly been made with 
two Teleſcopes was, that their motion round 
not being perform'd near a true Plane, the one 
was commonly uſed to look forwards, and the 
other backwards, whilſt it ſtood in the line 
between the two objects, or vanes on the level- 
ling Staves : but the ſame obſervations may 
with more accuracy and advantage be per- 
form'd with one Teleſcope, as in thoſe Mr. 
Sion has made of late years, where that im- 
rfection of the motion is obviated, ſince in 


this caſe the error (if there be any) is either 


diminiſht or deſtroy'd in the looking both for- 


wards and backwards with the ſame Teleſcope; 


whereas with the two it may be increaſed in 
the two obſervations. 


The 
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The two Supporters on which the Tele- 
* cope of this New Spirit · Level is laid, are each 
nearly ſhaped like a capital V, within the upper 
part of them the Teleſcope lies ar reſt, andthe 
two inner ſides of the V in each Supporter are 

tangents to the cy/indrick Tube of the Tele- 
ſcope, which is made ſo true a cylinder, chat 
each touches it but in one place. 2 
The lower end of theſe Supporters are Jet 
into a ſubſtantial braſs Plate, like that which 
carries the Sights of a Circumferentor, and ſo 
as to ſtand perpendicular to the Plate; below 
the bottom of one is fixt a fine ſcrew, to adjuſt 
the Tube when laid thereon to a true level, 
with an Index for knowing the 'true place; 
and to the other Supporter 1s applied a line of 
tangents as far as 12 degrees, whereby an Angle 
of either Elevation or Depreſſion may be taken 
to that extent. 

On the upper ſurface of this braſs Plate 
(between the two Supporters) is fixt a Com- 
paſs-Box, divided into 360 degrees, and num- 
ber'd by 10, 20, Sc. to twice 180, and again 


to four nineties, having, a center-pin and 


Needle; ſo that it is in all reſpects a Circum- 
ferentor alſo, with the addition of all the fore- 
mention'd Improvements. | 

This Plate is fixt on ſuch a conical braſs 


ferril as the Compaſs Box of his Theodolites 


is fixt to; which ferril, like that, is fitted to 
the bell-metal fruſtum of a Cone at top of the 
braſs head (as in ſhort I may call it) of the 
- three-legg'd Staff of the Theodolite, which has 


in 
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in it the ball and ſocket, with the three bell- 
metal joints, two ſtrong braſs plates, and the 
four ſcrews for adjuſting the horizontal motion, 
deſcribed/more largely page 59: ſo that he who 
has one of the before-mention'd T heodolites, 


may have this fitted thereto; and the New- 


invented Protractor will agree with this alſo, 
when uſed as a Circumferentor; for this In- 
ſtrument, tho chiefly deſign d for Levelling, is 
alſo well adapted for taking the Bearings by the 
Needle at the ſame time; ſo that the ſhape 
of a ſingle River might be plotted near enough 
by it; tho' it will not give the Bearings fo 
true as needful, when deſign'd for the Survey 
of a · County; becauſe, as I have already mien- 
tion d, the Needle is not to be depended on, 


hart the whole muſt be | Ae true, and | 


meet in a point. | 
In Leveling we uſe two 8 ten foet long; 


in cw parts each, that ſlide one by the other 


to 5 1 feet, for eafier carriage, which are 
called ee - theſe are divided into 
1000 equal parts, and number d at every tenth 
diviſion by 10, 20, 30, &c. to 1000; there 
might alſo be another piece added to each, to 
increaſe them to fifteen feet, and ſo number d 
on to 1500 each. 

To each of the Staves a Vane is minds to 
ſlide up and down, which by having ſprings 
will ſtand at any part of it, and when ſcrew'd 
will be immoveable; theſe Vanes are each 
made 30 parts wide, and 90 long; the width 


is firſt divided into tlicee equal 1 and the 


two 
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ſpace is again divided into three equal leſſer 


parts, the middle one of which is alſo painted 
white, and the two re 


painted, black 5 and We den art for al 
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X by the four ſcrews, which the Spirit- 
Tube we readily-ſhewi(like-as in the Theo- 
dolite) if turm d to three points nearly making 
r at the eu to one another, and 
the middle; for then i it may be depended: on, 
that the motion is truly horizontal; but if 


otherwiſe, it may ſoon be made to do ſo; for 
if the bubble is ſo, when the Teleſcope is di- 


rected to two points making right angles, and 


not at the third, then if I take off the Tele- 


ſcope, and lay it on the Supporters, as if to 
view the contrary way without moving them, 
and if the bubble then reſts in the farts place, 


one end of the Spirit: Tube mult be rais d, and 


the other depreſt: but if the bubble moves to 


the contrary end of the Spirit-Tube, that is, n 


towards the ſame Supporter of the Teleſcope, 


as it did before, then łhe Supporter having the 


mo ſcrew'at bottom, muſt be rais d or depreſt 
Q there- 
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therewith, till by the dow ſcrews for adjuſting 


the horizontal motion, the bubble: is made to 


reſt the fame all: ways, and then the 5 


will be truly horizontal. ow? ef bn Sine 
The horizontal Moti being thus adjuſted; 
I take off the Teleſcope, and- — it on the Sup- 
porters, as if to view the contrary way, and if 
the bubble then reſts exactly the ſame, the 


Spirit. Tube and TeleſeapteTubearsboth right. 


Now I ſend an Aſſiſtant with one of the 


Station-Staves any diſtance at diſcretion, and 


make ſigns for him to ſeti the Staff uptight 

more to the right hand or left, as needful to 
appear within the Teleſcope, and to ſlide the 
Vane up and down; till it is cut exactly in the 
midſt : by the horizontal wire in the Teleſcope, 
and theri to ſcrew it faſt; now turning the Te- 
lefcope to have the Spirit · Tube above it, if 
then the ſame wire (being horizontal) Kill 


cuts the Vane exactly in the midſt, it is demon- 


ſtration, that the axis of che Teleſcope paſſing 
thro' the interſection of the croſs- wires is a true 
Level, and that the middle of che Mane is in 
rp ee r en i ir St 16 65 
on $422 can eds 0 41 en rh (18-590 
Seck. N. Shewig Boe to adjuſft-the” Tape if 
Mr. Siſſon's former Spiri. Esvelß and thut on 
his Theodolite,'to atrur Level: and a Table: 'of 


1 Foe Earth s Curvature: at ' ſeveral dances. 1 
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1 — ſome ground nearly level of a ſuffi⸗ 
cient length, and plant either Inſtrument near 
thaowiddle,. ſappoſe N Theodolite (which 
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may hayc'a longer Teleſcope fixt over the ſhort 
one parallel thereto, and alſo a long Spirit 
Tube fixt thereon, parallel to that in the Double. 
Sextant, inſtead of the former Spiritr Level) 
and I make it by the fou ſcrews to move round 
horizontalhy, which the Air- bubble in either 
Spirit - Tube will ſhew:;7f6r-if that ckeeps-the: 
ſame place, in or near the middle, 1 ſet at- 
right angles, but not at the oppaſite points, 
then one of the ſmall ſcrevis under the Double- 
Sextant muſt be looſem d; and the other tight-. 
en d, tilb (by the four ſcrews adjuſting the Hori- 
zontal motion) the bubble | will: keep the ſame. 


moving albround; now I meaſure 633 "inks from 


the leaden ball under tlie center of my Theo- 


dolite one way, and there I leave an Aditant, : 


with: one of tlie levelling Station-Staves,- and 
return to my Theodolite, and directing the 
Teleſcopes to the Staff, I cauſe him to ſlide up 
or down the Vane, till the horizontal wire in 
the upper Teleſcope cuts it exactly in the midſt, 


and then to ſcrew it (faſt; in which poſition it 


muſt continue: now I meaſure 633 links the 
contrary way, and there I leave another Aſſiſt- 
ant with the other Staff, and return again to 
my Theodolice, which is now in the middle 
between the two Staves; then ditecting the 
Teleſcopes to this laſt Staff, I cauſe alſo this 
Aſſiſtant to flide his Vane up or down, till the 
horizontal wire in the ſame Teleſcope cuts it 
exactly in the midſt, and then to ſcrew it faſt, 


and continue it in the ſame poſition. 
Q 2 Now 
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again ta move horizontally cloſe. nen 8 


ſuch height, as the Teleſcope 
I-obſerve' with, exactly of the 


the Teleſcope I 


ſame height as the lower edge of the middle 


white part of the Vane ; but if L cant at 


either, then whatſoever difference there is in 


and the lower edge of the middle white, part 


of the Vane, ſo much muſt the Vane on the 


Staff be rais d or lower d; now directing 


cuts it exactly in the midſt, the Teleſcope is in 


a ttue Level; but if it does not, then the ſcre ys 


whereby it is fixt on the Double Sextant, muſt 
one be looſen d, and the other tighten d, till it 
will do ſo; and then it will be 2 3 . 


true Level; for the Theodolite being 


planted at the diſtance of 1266 links — 


Vane, there muſt be the allowance of 14 parts, 


or diviſions, on the Staff for the Dip by the 


Earth's Curvature (equal half the middle white 


part of the Vane) as may be known: by the 


following Table, or latter Note. below it; but 
_ if the Teleſcope is alter d, 
thereon muſt again be made parallel to that in 


the Spirit · Tube 


the — that is, the Air- bubble 
therein muſt by the ſcrews be _ . 
to the e 00 n. _ marks, 
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Now! taking up my Theodolite, 1 plan it 


the Teleſcope thereto, if the horizontal wire 
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(37 boy $44 7 5 7 ft 4 thu : 


| ore, This Table ay Latin for any ——— 

ned ; wa — e are had _ 
enough by inſpection ;/ a or greater 
ſtances, I — the Parts by the ſquare of 
that number, 2 — multiplying a tabular 
diſtance! will produce the given/diſtance : ſup- 
poſe the —— 92 chains, then _ 495. 
wap 22x4=88 Parts. for the Winer 


+a w# 


ry 44 4 * 0 1 e 2 . 5 * 
ny , | 2 2 
* x # - 
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Note alſo,” The : ſquare: of the diſtance in 
chains multiplied by: io, cutting off the four 
right hand gutes for deeimals, will give the 
quantity in arts of the baren Sate —4 
little-more'than the ttüt b.. 
V I eie e CT x a6 Epi n 
Se. 4. Shewing 22 to take the Ae of 
Levels between two plates, and to allow the 
Dip for the Earth's Curyature, where many 
Stations muſt be: made, bei ing of N in con 
vojing TY] Sc. * 


| 
ö * a 1 
| * . | 30 2 
N 2 : 2 N 


1 Let it be required to know att fall there i Is, 
ater to run from a /Spripg-head to, any 
drones Place." 2 | 
1 may begin at either, "but. wil a at 
7. Send; ; where having, the New 
vented: irit-Level, two:Affiſtants with the 
Wo, Station-Staves,, my Chain, Arrows, and a 
to car ry the Spirit-Level, 1 cauſe one 
ene a f. to ſer up his Staff upright, with, the 


„ 


-the--Spring-head ; now. with 
Aſſiſtant T meaſure on to where I judge 

per; for firſt planting my Spirit-Letel, es to 
347 links, Which I write dovon in tlie firſt 
column under Di. chene planting my Spirit- 
Level to move Horizontally, direct the Tele- 
ſcope to the Staff, and obſeiving the bubble 
to be exactly between — make ſigns: 
to (that Aſſiſtant to fſlides the Vane up or 
down, till the horhzontal Wire in the Tele- 


ſcope cuts it exactly in the midſt, and then 
* to 


. (= 


wer end touching the ſur face of the Water 


oQ 


= => 3 te manage, 
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to fi it; now. heubtings it ten me, and I 


write:down in the ſecond column againſt 3 11 


the number of arts on the Staff at the upper 
edge. of the Vane, viz. 24, under Parts, 
and in the mean time my other Aſſiſtant 
goes forward with his Staff, and ſets it up 
where I make a ſign to him tog ſtop, and 
then he ſlides the Vane up or down, and fixes 
it acgerding to the ſigns I make, when the 
ſame wire cuts it alſo in the midſt s now the 


Boy takes the Spirit-Level and Staff, whilſt 


my firſt Aſſiſtant leads the Chain for my mea- 
ſuring on to the ſecond, whoſe diſtance I 
find 693 links, which, 1 ſer. down. in the 
fourth column under Di,. or firſt under Fore- 
_ Sights, and againſt it in the next column I 


write 350, the number of Parts on the Staff 
LOS 


ing ſtill kept | ere& touching the ground in 
the ſame place, T meaſure on to the place for 
next planting my Spiric-Level, viz; 981 links, 
and write it down in the firſt column Juſt 
under 3113 now planting my Spirit-Level, 
and obſerving as before, and the Staff brought 


to me, I find che öpper edge of the Vane at 


3173 Parts, which I ſer down in the ſecond 
| column under 247; now I obſerve again 
orward, which Vane; being fixt, I meaſure 
thereto às before, and find the diſtance 1201 
links, which I ſet down under 693, and 
againſt it in the next column 543, the Parts 
at; the upper edge of the Vane, juſt under 
3763 and thus I proceed on in meaſuring, 
7 | obſerv- 


„ & & 
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obſerving/andwritit g down, tho' there ſhould 
be never ſo r ations, till the forward 
Staff is ſet up at — Place for 
my laſt obſervation, and that diſtance, and the 
Parts wrote down allo; then waar work abroad 
is finiſir. 

Being come 
of Dip far the Barth's Curvature, aceordin 

to the foregoing Teble, and in the third": 

fixth columns under correct I write down the 
true corrected quant 0 0f Air that are i 
be nocounted i Ins Loe Ning.” Aff A THR . 


3.070 K I g . LAT 


. Form of the Field bak in i Ln, 
I | IS N th 1 quinn 2 4 2 


e ee 37 
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tan, 4 3 
' . Fl 1 e 4 4 
4 — 0 — 7 
feb tat £ 0 FR 
a * 
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| i 


| — from the Forward, and che re- 
mainder 2800 Parts equal to 28 Feet, is the 
* e true 


bone ome; 1 dag ihe gun 


= 05 5 & er =” , 2a, ow 


alter 1 ee — aac — Backs 


— 8 


1 


7 true e are ak ns: ; 
forward: Is greater than the backward, there 
is that fall for the Matrn to rn 
Nute, Authors ſay, nnd eee have a 
9 with the fall of 4 4 inches for 
every Mile; but if the fall is o great, the 
way may be increaſed, and the motion retard - 

ed by being crooked wh many turnings, and 
broad places narrow again on a fudden, which 
broad places will be > n Reſervoir = 
ting the W. _ 7 


1 
$54 ho * þ \ 


© Se i: | Showing * to take the e o | 


Levels in 4 gradual Aſcent o Deſcent, 
where by planting the” Spirit-Level' in the 
middle between, or any other part, the Vanes 
on the Station-Staves 1 7 be 5 roy both at 12 
4 and. bottom... n 
Firl, I p; & my vice Led — in 
the mi dle between, or at the ſame diſtance, 
viz. 879 links, from the two Staves ſer up- 
right, one at the top, and the other at the 
bottom, and that the Vanes àre both fixt on 
the Staves at the ſame diſtance from the ground 
as the Axis of the Teleſcope; tho it may be 
otherwiſe, if needful; but then che ce 
muſt be accounted. 

Now I adjuſt my Spirit. Level to move 
round horizontally, and then 1 direct the 
Teleſcope to one of the Staves (ſuppoſe the 
upper) by raifing the Supporter, that has the 
line of Tangents, and then I let it down 

=” again, 
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again, to ſee if the bubble wil — exactly 
between the marks on the Spirit-Tube, or 
if not, I make it do ſo, with the fine ſcrew 
under the other Supporter; now 1. elevate 
it again by raiſing the former” Supporter, till 
the horizontal wire in the Teleſcope cuts 
the Vane exactly in the midſt, and then I 
ſcrew faſt the Supporter, and the line of 
Ti angents. ſhews the Angle of Altituut, vis. 
22 
10 N my I take off the Teleſcope, and u it | 
on to view the contrary way, and direct it 
to the lower Staff; then I let down again the 
rais d Supporter, to ſee if the bubble ſettles 
again exactly between the marks; now I 
depreſs again the Teleſcope by raiſing the 
ſame Supporter, till the horizontal wire cuts 
this Vane exactly in the midſt, and then I 
ſcrew faſt the Supporter, and the line of 
Tangents ſhews alſo the age of Depreſſon, 
1 S. 69: - $7 
To ſolve this, it is beſt to have Trigono- 
metrical. Tables, of which none now extant 
are fo truly corrected / as the /ſecond Edition 
of Sherwin's Mathematical 'Tables, for which 
I collected a ſmall Errata, that includes all 
= material Errors in the whole, except 
the Traverſe and V erſed. Sines; For: the laſt 
of theſe are ſo erroneous in Sir Jonas Moors 
Syſtem, from whence they were copied, that 
the number would have made the ſaid Errata 
too large; therefore the Bookſeller refuſed 
n thoſe in the Errata: but I have cor- 
rected 
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rected every Number: thro all alis Tables, to 
the greateſt exactneſs poſſible, in that bock, 
which I have prepared for the third Edition, 
2 is in my on poſſeſſion; and I do intend 
to put therein the Logarithmick- Lines for 
every Second of the firſt ſixty-four Minutes, 
with directions to take out the Tangent, Co- 
Tangent, and Co- Secant therefrom, and all of 
them with the Yer/ed-Sines for every two 
Seconds to double that extent, whereby they 
will be made the compleateſt Set to ſeven 
decimal places that were ever publiſhit. The 
ſaid Tables of the ſfecmd Edition, with the 
Errata, may be had of Mr. S. 5 and the 


55 zen Publiſhers kd * en 


4 Solution of the foregoing nagt. 
Firſt, As Radius to 879 labs Log 2,943 9889 


80 is the Sine of Pk 10 | | =Log- 9. 1909 


* To. the Perpend. 1307 Los :2,0567981 


| Second, AsRadiusto 879 links=Log. 2,0439889 
80 is the Sine of 6": N qd og. een A 


To the Perpend. 186.30 =Log 2.02678 55 


Add firſt Perpend. 113 97 


The Sum 220,33 links, 

which reduced is 145, 42 Feet nearly for the 
true difference of Levels between the top and 
the bottom. 


K 2 Note, 
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the caſon that 
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CF Noth, Being at the ſſame 
in the flope· lines, the Dip e Batth's Cur- 
atuts! is-vety nearly. alke/m both, Which is 
gin Levelliny endea- 
vour always, as nem as chey ran gueſts, to 

place cheir inſtrument in the middle between 
the two Station-Staves : but the Fable Will 


new that in lung diſtances they may. be liable 


to much error, wickow mikluring; and allow- 
ng for:the Dix 2322 3801 Sidon 04 wund 

-- /Secondly;, I ſuppbſe this pradual ein, and 
Diſcextiits: be 2 Roadvwwith a turning in it, 
vhere the Spirit Level muſt Se Ae, to lee 
to the top and bottom. bad % ein wwril 


The Vanes being on both Staube ifixe "the 
ſame height from the — as the axis of 


jon taken the ſamie as in the former 


the a pe, and Ns \ Angles of Altitude 
rell 


of che — es, from the leaden ball touch 
ing the ground directly under the center of 
the Inſtrument, to the hottom of each Station- 
Staff, and I find that een, I 374, 1 and 
ern demea ee 0171 


e 


a Solution of x this 7 — Exoppk, go 


Firk, AsRaius: to 1 r 3,1979886 
So 1s the Sine of e bf — * 9,1 128092 


"% 


Toche 25 ie =Log en 07959 
Second, 


Aicher och each 


r 


I proceed it meaſure” the lengths 
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Second As Radius to 698 links Log. 2 3335 554 
8 8 918 0 5 87% as oe 27966 


| To de Perpend. 84,46 1 
Add firſt 2 178, I 54 | 


x 2,98 466 520 


The sum 262 614 links, 


vrhich reduced is 273.326 N , from 1 | 


I take for the diff) 
of Dips of the * 
Curvature 
Differ. of Levels 173, 3 12 Feet. 


Note, In raking the Dips of the Earth's 


Curvature, I reduce the Hape. lines to horizon- 
tal by the Table pap, 15 


e 68. 
Note alſo, Mr.-Saſſen new circular Inſtru- 


ment, of which I have prepared a ſmall Trea- 


ti ſe, will ſolve theſe Examples with certainty, 


| and neut enough. to Tom in the buſt neſs of 


Tm 4.9 9 
* * 6, W 2 
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OBLEMEN's and GENTLEMEN's 
ESTATES Survey'd and Plotted in the 
moſt Exact Manner hitherto uſed, and Books 


of the Particulars draw! therefrom, SY 
r Fi rene 


8 AbIN ER, 
Lan. , e 
Who may be hiand;of at Mr. Siſbms, Mr. 


 Betteſworth's, or at R ichard 5 . 
 Temple-Bar. 


NB. At each Place may be ſeen aSpecimen 
of his fair Plans. 3 2% | 
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